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1.  PURPOSE 

This  report  presents  hydrologic  and  hydraulic  information 
and  analysis  pertinent  to  the  planning  and  design  of  tidal 
flood  control  in  the  lower  Saugus  and  Pines  River  estuary, 
and  coastal  vicinities  in  Lynn,  Revere,  and  Saugus,  Massachu¬ 
setts.  Since  flood  reduction  in  Malden  is  relatively  small, 
no  detailed  hydrologic  and  hydraulic  analysis  was  conducted 
for  that  area.  Included  are  sections  on  watershed  descrip¬ 
tion,  climatology,  streamflow,  estuary  storage  capacity, 
tidal  hydrology,  flood  plain  zones,  flood  level  frequencies 
and  hydrologic  and  hydraulic  design  criteria  and  analysis. 

A  discussion  of  rising  sea  level  effects  is  also  included. 
Alternative  structural  plans  for  flood  reduction  involved  a 
series  of  individual  local  protective  measures  (LPP  option) 
as  compared  with  a  Regional  Plan  involving  a  tidal  floodgate 
structure  at  the  mouth  of  the  Saugus  River  and  tied  into  a 
system  of  dikes  and  walls  along  the  shore.  Further  discus¬ 
sion  of  the  alternative  plans  is  presented  in  the  Main 
Report.  This  report  presents  hydrologic  information  and 
analyses  with  and  without  flood  reduction  plans. 

2.  WATERSHED  DESCRIPTION 

The  Saugus  River,  including  its  Pines  River  tributary, 
(shown  on  plate  1)  has  a  total  watershed  area  of  approxi¬ 
mately  47  square  miles,  covering  portions  of  the  towns  of 
Reading,  Wakefield,  Lynnfield,  Saugus,  Lynn,  Malden  and 
Revere,  Massachusetts.  The  Saugus  River  originates  at  the 
outlet  of  Lake  Quannapowitt  (EL  84  feet  NGVD)  in  Wakefield 
and  flows  a  meandering  southeasterly  course  for  13  miles  to 
its  point  of  discharge  into  Boston  Broad  Sound,  on  the 
border  between  Lynn  and  Revere.  The  lower  4.7  miles  of  the 
Saugus  River  is  a  tidal  estuary;  where  it  enters  tide  water 
near  Woodbury  (Hamilton)  Street  crossing,  its  drainage  area 
is  about  25.7  square  miles  or  55  percent  of  the  total  water¬ 
shed.  The  remaining  lower  21  square  miles  is  comprised  of 
multiple  storm  drained  coastal  urban  areas,  extensive  tidal 
marshland  and  the  Pines  River  Tributary.  From  Lynn  there  is 
7.2  square  miles  of  urban  area  plus  1.8  square  miles  of  Birch 
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and  Breeds  Ponds  watershed  draining  to  the  Saugus  River 
estuary  from  the  north.  From  the  south  there  is  3.4  square 
miles  of  local  watershed  in  Saugus  draining  directly  to  the 
Saugus  estuary  plus  the  Pines  River  tributary  with  its  total 
watershed  of  about  8.9  square  miles.  The  Pines  River  origin¬ 
ates  at  the  confluence  of  Linden  and  Town  Line  Brooks  in 
Revere  near  the  Revere-Malden  town  line.  Drainage  area  at 
its  origin  is  4.0  square  miles  with  an  interim  4.9  square 
miles  of  local  drainage.  The  Pines  River  flows  north¬ 
easterly  a  distance  of  approximately  3  miles,  joining  the 
main  stem  of  Saugus  River  about  one-half  mile  upstream  of  its 
mouth  at  Broad  Sound.  The  Pines  River  is  a  tidal  estuary  for 
its  entire  3  mile  length. 

The  Saugus  River  watershed  is  highly  urbanized  due  to  its 
close  proximity  to  Metropolitan  Boston  and  its  major  trans¬ 
portation  corridors,  notably:  Highway  Routes  107,  1,  1A,  and 
128  (1-95),  plus  the  Massachusetts  Bay  Transportation  Author¬ 
ity  (MBTA)  and  Boston  &  Maine  Commuter  Rail  Service.  How¬ 
ever,  the  river  basin  remains  hydrological ly  "sluggish"  due 
to  its  flat  gradient  and  numerous  small  lakes  and  marshlands. 
Lakes  and  marshlands  make  up  about  10  percent  of  the  total 
watershed  area.  The  Saugus  River  has  a  total  fall  of  80  feet 
in  its  13-mile  course  to  tide  water  and  the  Pines  River  gra¬ 
dient  changes  with  the  tide  for  its  entire  length.  The  basin 
does  have  some  hilly  uplands,  controlled  by  frequently  ex¬ 
posed  bedrock,  with  elevations  of  nearly  300  feet  NGVD .  The 
overburden  in  the  lower  coastal  area  of  the  Saugus  basin  is 
predominantly  an  impervious  silty  clay.  The  lower  southeast¬ 
ern  border  of  the  Saugus  River  watershed  fronts  on  Broad 
Sound  with  its  divide  extending  along  about  6  miles  of  ocean 
shore  front;  about  4  miles  in  Revere  and  2  miles  in  Lynn. 

3.  CLIMATOLOGY 

a.  General .  The  Saugus  River  Basin  and  its  coastal 
vicinity,  located  at  42  degrees  north  latitude,  has  a  cool, 
semi-humid  variable  climate,  typical  of  New  England.  Its 
climate  is  somewhat  less  harsh  than  in  the  higher  inland 
areas  of  New  England  due  to  the  moderating  effect  of  the 
adjacent  ocean  waters.  However,  fronting  the  coast  exposes 
the  area  to  coastal  storms  that  move  up  the  Atlantic  coast 
often  with  accompanying  intense  rainfall,  winds,  and  flood 
producing  stormotides  and  waves.  The  mean  annual  temperature 
at  Revere  is  51  Fahrenheit  with  mean  monthly  temperatures 
varying  from  72°F  in  July  to  29°F  in  January  and  February. 
Extremes  in  temperature  vary  from  summertime  highs  in  the 
nineties  to  wintertime  lows  in  the  minus  teens. 

b •  Precipitation.  The  mean  annual  precipitation  in  the 
Revere-Lynn  area  is  42  inches  based  on  more  than  100-years  of 


continuous  record  at  neighboring  Boston.  Precipitation  is 
distributed  quite  uniformly  throughout  the  year  averaging 
about  3.5  inches  per  month.  Short  duration  intense  rainfall 
often  accompanies  fast  moving  frontal  systems,  thunderstorms 
and  coastal  storms.  Also,  a  portion  of  the  annual  precipita¬ 
tion  occurs  as  snowfall.  Average  annual  snowfall  at  Boston 
is  43  inches  occurring  primarily  during  December  through 
March.  Data  on  snowpack  is  not  available  in  the  basin,  but 
based  on  Corps  of  Engineers  data  at  inland  basins,  it  is 
estimated  that  maximum  water  equivalent  occurs,  on  average, 
about  the  1st  of  March,  ranging  from  zero  to  about  6  inches, 
with  an  average  of  about  2.7  inches.  Mean,  maximum  and 
minimum  monthly  precipitation  recorded  at  Boston,  MA  is 
listed  in  table  1 . 


TABLE  1 


MONTHLY  PRECIPITATION 
BOSTON,  MASSACHUSETTS 
Elevation  15  Feet  NGVD 
169-Years  of  Record 
( Inche  s ) 


Month 

Mean 

Max imum 

Minimum 

January 

3.69 

10.55 

0.35 

February 

3.45 

9.98 

0.45 

March 

3.95 

11.75 

Trace 

April 

3.80 

10.83 

0.20 

May 

3.42 

13.38 

0.25 

June 

3.22 

13.20 

0.27 

July 

3.29 

12.38 

0.52 

August 

3.77 

17.09 

0.37 

September 

3.29 

11.95 

0.21 

October 

3.38 

8.89 

0.06 

November 

3.99 

11.63 

0.59 

December 

3.79 

9.74 

0.26 

Annual 

42.98 

67.72 

23.7  1 
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Peak  storm  rainfall  frequency-duration  data,  as  reported 
in  US  Weather  Bureau  Technical  Paper  Mo.  40,  is  summarised  in 
table  2.  Some  storm  rainfalls  accompanying  recent  abnor¬ 
mally  high  ocean  tide  events  are  listed  in  table  3.  Although 
rainfall  is  frequently  associated  with  high  storm  tide 
events,  there  appears  to  be  little  correlation  between  magni¬ 
tude  of  storm  tide  and  intensity  of  rainfall.  The  greatest 
known  storm  rainfall  in  the  basin  is  believed  that  of  5  to  7 
October  1962,  when  48  to  72-hour  rainfall  amounts  varied  from 
10  to  14  inches  over  the  Saugus  basin  with  one  day  totals  of 
about  8  inches.  This  storm  was  apparently  centered  over  the 
basin  and  produced  the  greatest  known  Saugus  River  floodflow. 
This  rainfall  was  the  combined  result  of  a  "Northeaster" 
coastal  storm  on  October  5-6  and  the  fringe  of  tropical  storm 
"Daisy"  on  October  6  and  7.  However,  ocean  tides  were  not 
abnormally  high  during  this  major  rainfall. 


TABLE  2 

RAINFALL  -  FREQUENCY  ~  DURATION 
USWB  TECHNICAL  PAPER  40 
BOSTON,  MASSACHUSETTS 


Rainfall  (Inches) 


_ Duration  in  Hours _ 

Annual  Frequency  1  26  12  24 


TABLE  3 


STORM  RAINFALLS  ACCOMPANYING 


RECENT  STORM 

TIDES 

ABOVE  9.0 

FEET  NGVD 

Storm  Event 

7  Feb 
1978 

2  Jan 
1987 

2  5  Jan 
1979 

19  Fel 
1972 

Ocean  Tide  (ft,  NGVD ) 

10.3 

9.4 

9.3 

9.1 

Tide  Freq.  Percent 

1 

6 

7 

9 

Maximum  Rainfall 

1  Hour  ( inches ) 

0.2* 

0.4 

0.4 

0.5 

6  Hour  ( inche s ) 

1.0* 

1.3 

1.8 

1.9 

24  Hour  ( inches ) 

2.6* 

2.2 

2.7 

2.5 

*  Water  equivalent  of  snow 


An  earlier  major  rainfall  occurred  in  August  1935  when 
about  7.3  inches  of  rainfall  occurred  over  the  basin  in  a 
48-hour  period.  More  recent  storm  events,  typical  of  the 
basin,  was  that  of  January  1979,  when  3.1  inches  was  experi¬ 
enced  on  the  21st  followed  by  2.1  inches  on  the  25th  and  as 
recent  as  April  1987  when  5.8  inches  were  experienced  during 
a  3-day  period. 

4.  RUNOFF 

a.  General.  There  are  no  streamflow  gaging  stations  on 
the  Saugus  River,  however,  based  on  gaged  streams  in  the 
region,  it  is  believed  that  average  annual  runoff  is  about 
23  inches  or  about  50  percent  of  average  annual  precipita¬ 
tion.  Twenty-three  inches  of  runoff  converts  to  an  average 
annual  flow  rate,  per  square  mile  of  watershed,  of  about 
1.7  c  f  s .  Thus,  the  Saugus  River,  with  a  total  watershed  area 
of  47  square  miles,  would  have  an  estimated  average  natural 
runoff  of  about  80  cfs.  However,  the  average  natural  flow  is 
reduced  by  an  estimated  10  to  12  cfs  by  Wakefield  and  Lynn 
partial  water  supply  sources  in  the  basin.  This  water  is 
supplied  and  used  within  the  basin,  but  waste  water  is 
directed  out  of  the  basin,  thereby  reducing  natural  stream 
flow.  Mean,  maximum  and  minimum  natural  runoff  in  the  basin, 
baaed  on  gaged  runoff  from  the  Parker  River  Basin  at  Byfield, 
Massachusetts,  is  listed  in  table  4. 
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TABLE  4 


SAUGUS  RIVER  BASIN  RUNOFF 
TdTa.  ~  47.0  SQUARE  MILE> 

BASED  ON  PARKER  RIVER  FLOWS 
1946-1985  (D.A.  -  21.6  SQUARE  MILES) 


Mean 

Maximum 

Minimum 

Inches 

CFS 

Inche  s 

CFS 

Inches 

CFS 

Jan 

2.33 

(93.9) 

6.25 

(251.7) 

.16 

(6.5) 

Feb 

2.52 

(112.6) 

5.94 

(264.7) 

.25 

(11.4) 

March 

4.85 

(195.3) 

12.19 

(490.4) 

2.23 

(89.8) 

Apr  i  1 

4.22 

(175.3) 

8.20 

(340.7) 

1.31 

(54.7) 

May 

2.69 

(108.2) 

8.14 

(327.7) 

1.03 

(41.7) 

June 

1  .44 

(59.9) 

7.20 

(299.4) 

.22 

(9.2) 

July 

.47 

(18.9) 

2.10 

(84.6) 

.05 

(2.1) 

Aug 

.29 

(11.7) 

.97 

(39.0) 

.02 

(.8) 

Sept 

.30 

( 12.6) 

3.39 

( 141  .0) 

.006 

(  .3) 

Oc  t 

.68 

(27.3) 

6.64 

(266.9) 

.009 

(.4) 

Nov 

1  .46 

(61.0) 

4.54 

(188.7) 

.05 

(2.0) 

Dec 

2.17 

(87.4) 

6.31 

(253.0) 

.09 

(3.8) 

Annual 

23.4 

(79.8) 

41.1 

( 140.6) 

8.4 

(18.2) 

Evapotranspiration  and  ground  water  depletion  are 
greatest  during  the  summer,  and  runoff  the  least  during  the 
summer  and  early  fall  seasons.  Ground  water  recharge  takes 
place  during  the  winter  and  spring  seasons  with  streamflows 
normally  highest  during  the  spring  snowmelt  season  with 
nearly  40  percent  of  average  annual  runoff  occurring  during 
March  and  April. 

b.  Peak  Discharges.  Peak  nontidal  inflows  to  the  Saugus 
River  tidal  estuary  are  comprised  of: 

(1)  The  Saugus  River  flow  where  it  enters  estuary 
tide  water  in  the  vicinity  of  Woodbury  Street  crossing. 

(2)  Inflow  from  the  lower  basin,  made  up  of  dis¬ 
charge,  direct  to  tide  water,  from  several  short  tributaries 
and  urban  drains,  plus  rainfall  directly  on  the  extensive 
tidal  basin  water  surface.  Plate  1  shows  subwatershed 
delineation  and  areas. 
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Peak  Saugus  River  inflow  to  tide  water,  with  a  drainage 
area  of  about  26  square  miles,  is  a  function  of  both  rainfall 
intensity  and  limiting  channel  conveyance  capacity.  Peak 
riverflows  are  also  modified  by  extensive  wetlands  in  the 
head  waters  of  the  basin  in  Wakefield  and  by  numerous  lakes 
and  ponds  throughout  the  basin.  Peak  discharge  frequencies 
of  the  Saugus  River,  for  projected  future  conditions,  were 
estimated  by  statistical  analysis  of  discharge  records  of  the 
neighboring  Aberjona  River  at  a  USGS  gage  in  Winchester,  Mas¬ 
sachusetts.  Analysis  was  made  using  a  Log  Pearson  type  III 
statistical  distribution  and  results  were  transferred  to  the 
Saugus  River.  The  drainage  area  of  the  Aberjona  River  at  the 
gage  site  is  24.1  square  miles,  or  nearly  equal  to  that  of 
the  upper  Saugus  watershed  area  of  25.7  square  miles.  The 
computed  discharge  frequencies  are  listed  in  table  5. 


TABLE  5 

PEAK  DISCHARGE  FREQUENCIES 
UPPER  SAUGUS  RIVER  BASIN 
(Based  on  Aberjona  River  Data)* 


Frequency 

Discharges 

Percent 

Years 

CFS 

50 

2 

300 

10 

10 

700 

5 

20 

900 

2 

50 

1,300 

1 

100 

1 ,600 

0.5 

200 

2,000 

Note:  *Upper  Saugus  D.A.  M 

25.7  square  m 

Aberjona 

D.A.  *  24 . 

1  square  miles 

Local  inflow  to  tide  water  from  the  remaining  21  square 
miles  of  lower  basin  area  is  quite  indeterminate.  Surficial 
soils  in  this  area  are  relatively  permeable,  but  with  rela¬ 
tively  high  water  table  dependent  on  tide.  Also,  gravity 
flow  from  much  of  the  area  is  dependent  on  tide.  Presently, 
when  tide  is  in,  considerable  storm  drainage  goes  into  tempo¬ 
rary  ground  water  storage  or  localized  surface  ponding  fol¬ 
lowed  by  drainage  when  the  tide  goes  out.  Some  of  the  low 
areas  are  served  by  "flap-gated"  drains  to  prevent  backflow 
when  tide  is  in.  It  is  projected  that  with  increased  devel¬ 
opment  and  improved  storm  drainage  systems  in  the  future, 
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peak  discharges  from  the  local  area  will  increase  signifi¬ 
cantly.  Peak  discharge  frequencies  from  the  local  21-square 
mile  area,  under  estimated  present,  projected  future,  and 
potential  maximum  conditions,  were  estimated  using  a  combina¬ 
tion  of:  (1)  runoff  rates  equal  to  average  6-hour  rainfall 
excess  frequencies  (6-hour  rainfall  losses)  and  comparing  the 
results  with  (2)  peak  recorded  runoff  and  frequency  relations 
for  small  drainage  areas;  the  21-square  miles  being  comprised 
of  numerous  small  subareas  draining  individually  to  the 
estuary.  Reference:  "Floodflow  Formulas  For  Urbanized  and 
Unurbanized  Areas  of  Connecticut,"  by  L.  A.  Weiss,  August 
1975.  The  resulting,  quite  subjective,  peak  inflow  frequen¬ 
cies  from  the  local  area  used  during  current  studies  are 
listed  in  table  6. 


TABLE  6 

PEAK  DISCHARGE  FREQUENCIES 
LOWER  SAUGUS  RIVER  BASIN 
( D . A .  -  21  SQUARE  MILES) 


Frequency 

Est.  Present  Q 

Projected 
Future  Q 

Est.  Max. 
Potential  Q 

Z 

Yr  8 

CFS 

CFS 

CFS 

50 

2 

550 

800 

1  ,  100 

10 

10 

1,200 

2,000 

2,800 

5 

20 

1 ,500 

2,700 

3,800 

2 

50 

2,000 

3,900 

5,500 

1 

100 

2,300 

4,700 

7,000 

0.5 

200 

2,700 

5,400 

7,700 

5.  TIDAL  ESTUARY 

*•  Ge ne r a 1 .  The  lower  4.7  miles  of  the  Saugus  River, 
and  the  entire  3  mile  length  of  its  Pines  River  tributary, 
are  tidal  estuaries.  These  estuaries  and  their  adjacent 
saltwater  marshes  cover  a  total  area  in  the  lower  Saugus 
River  basin  of  over  1,600  acres.  These  extensive  saltwater 
wetlands  have  hydrologic  as  well  as  environmental  signifi¬ 
cance. 

1>  •  Area-Capacity  Curves.  The  total  water  surface  area 
in  the  estuary  varies  from  about  260  acres  at  normal  low  tide 
(EL  -4.5  feet  NGVD)  to  about  700  acres  at  normal  high  tide 
(EL  +5.0  feet  NGVD).  Similarly,  the  approximate  water 
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surface  area  for  a  spring  tide  ranges  from  230  acres  at  low 
tide  (EL  -5.2  feet  NGVD )  to  940  acres  at  high  tide  (EL  +5.8 
feet  NGVD).  Under  a  storm  tide  condition,  with  a  level  of 
elevation  8.0  feet  NGVD,  the  water  surface  area  (total 
flooded  area)  is  about  1,800  acres.  Developed  area-capacity 
curves  for  the  Saugus  River  basin  estuary  are  shown  on 
plate  2.  These  curves  were  developed  by  the  Corps  from 
available  topographic  mapping  for  the  region  in  association 
with  aerial  photographs  of  the  estuary  taken  under  a  range  of 
tide  level  conditions. 

During  the  design  phase,  detailed  mapping  and  deline¬ 
ations  of  the  tidal  estuary  with  topographic  overlays  of  no 
less  than  2-foot  contours  will  be  undertaken  to  delineate  the 
wetlands;  these  maps  will  also  be  used  to  further  refine  the 
area-capacity  curves,  if  needed,  which  were  developed  for 
this  feasibility  report. 
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6.  TIDAL  HYDROLOGY 


a.  Astronomical  Tides.  In  the  study  area  (figure  1), 
tides  are  semidiurnal,  with  two  high  and  two  low  waters 
occurring  during  each  lunar  day  (approximately  24-hours  50- 
minutes).  The  resulting  tide  range  is  constantly  varying  in 
response  to  the  relative  positions  of  the  earth,  moon,  and 
sun;  the  moon  having  the  primary  tide  producing  effect. 
Maximum  tide  ranges  occur  when  the  orbital  cycles  of  these 
bodies  are  in  phase.  A  complete  sequence  of  tide  ranges  is 
approximately  repeated  over  an  interval  of  19  years,  which  is 
known  as  a  tidal  epoch. 

(1)  Boston .  At  the  National  Ocean  Survey  (NOS)  tide 
gage  in  Boston,  Massachusetts  (the  one  nearest  to  the  study 
area),  the  mean  range  of  tide  and  the  mean  spring  range  of 
tide  are  9.5  feet  and  11.0  feet,  respectively.  However,  the 
maximum  and  minimum  predicted  astronomic  tide  ranges  at 
Boston  have  been  estimated  at  about  14.7  and  5.0  feet,  res¬ 
pectively,  using  the  Coastal  Engineering  Research  Center 
(CERC)  report,  entitled  "Tides  and  Tidal  Datums  in  the  United 
States,"  SR  No.  7,  1981.  The  frequency  of  astronomic  tidal 

fall  (the  difference  between  consecutive  high  and  low  tides) 
as  determined  by  CERC  is  presented  in  figure  2.  The  varia¬ 
bility  of  astronomical  tide  ranges  is  a  very  significant 
factor  in  tidal  flooding  potentials  throughout  the  area  under 
study.  This  is  explained  further  in  section  6d. 

Because  of  the  continual  variation  in  water  level  due 
to  the  tides,  several  reference  planes,  called  tidal  datums, 
have  been  defined  to  serve  as  a  reference  zero  for  measuring 
elevations  of  both  land  and  water.  Tidal  datum  information 
for  Boston  is  presented  on  figure  3  and  table  7.  These  data 
were  compiled  using  currently  available  NOS  tidal  benchmark 
data  for  Boston  along  with  the  previously  mentioned  CERC 
report.  The  epoch  for  which  the  National  Ocean  Survey  has 
published  tidal  datum  information  for  Boston  is  1960-78.  A 
phenomenon  that  has  been  observed  through  tide  gaging  and 
tidal  benchmark  measurements  is  that  sea  level  is  apparently 
rising  with  respect  to  the  land  along  most  of  the  U.S.  Coast. 
At  the  Boston  National  Ocean  Survey  tide  gage,  the  rise  has 
been  observed  to  be  slightly  less  than  0.1  foot  per  decade. 
Sea  level  determination  is  generally  revised  at  intervals  of 
about  25  years  to  account  for  the  changing  sea  level  phenom¬ 
enon  (rising  sea  level  is  further  discussed  in  section  14). 
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FIGURE  3 


TIDAL  DATUM  PLANES 
BOSTON,  MASSACHUSETTS 
NATIONAL  OCEAN  SURVEY  TIDE  GAGE 

(BASED  UPON  1960-78  NOS  TIDAL  EPOCH) 
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TABLE  7 


BOSTON  TIDAL  DATUM  PLANES 
NATIONAL  OCEAN  SURVEY  TIDE  GAGE 
(BASED  UPON  1960-78  NOS  TIDAL  EPOCH) 


Tide  Level 
(Ft.  NGVD) 


Maximum  Predicted  Astronomical  High  Water  7.5 
Mean  Spring  High  Water  5.8 
Mean  High  Water  (MHW)  5.0 
Minimum  Predicted  Astronomical  High  Water  2.7 
Mean  Tide  Level  (MTL)  0.3 
National  Geodetic  Vertical  Datum  (NGVD)  0.0 
Maximum  Predicted  Astronomical  Low  Water  -2.4 
Mean  Low  Water  (MLW)  -4.5 
Mean  Spring  Low  Water  (MLWS)  -5.2 
Minimum  Predicted  Astronomical  Low  Water  -7.1 


(2)  Study  Area.  During  the  summer  of  1984,  NED  in 
cooperation  with  the  U.S.  Geological  Survey,  supervised  the 
placement  and  operation  of  five  recording  tide  gages  in  the 
study  area.  Plate  9  shows  the  location  of  these  gages.  Two 
of  the  gages,  Simpson's  Pier  and  Bay  Marine  Lobster,  were 
located  outside  the  river  system  at  Roughans  Point  and  in 
Lynn  Harbor,  respectively.  The  other  three  gages  (Fox  Hill 
Drawbridge,  Broad  Sound  Tuna,  and  Atlantic  Lobster)  were 
located  in  the  Saugus-Pines  River  system.  All  these  gages 
were  in  operation  from  June  to  October  1984.  The  Fox  Hill 
Drawbridge  and  Bay  Marine  Lobster  recording  gages  have  con¬ 
tinued  in  operation  through  the  present  time.  In  addition, 
staff  gages  were  installed  at  the  Town  Line  Brook  tide  gate, 
Foxhill  Drawbridge,  and  at  Lincoln  Avenue  in  August  1985. 


The  tide  range,  timing  phase  and  mean  tide  level  of 
the  study  area  recording  gages  and  the  staff  gage  at  Lincoln 
Avenue  are  very  close  to  those  of  the  Boston  gage.  Water 
levels  at  high  tide  are  all  within  several  tenths  of  a  foot, 
and  the  phases  at  high  tide  are  all  within  several  minutes. 

In  general,  for  normal  non-storm  tide  conditions,  the  smaller 
the  tide  range,  the  less  reduction  there  is  in  tide  heights 
as  one  proceeds  upstream  from  the  rivers  mouth.  Mean  tide 
range  produces  nearly  the  same  heights  inland  as  at  the 
coast.  Normal  spring  high  tides  at  the  Town  Line  Brook  gage 
near  the  Seaplane  Basin  appear  to  be  about  one-half  foot 
lower  than  at  Boston  and  the  timing  appears  to  be  about  50- 
minutes  later  than  Boston.  This  seems  due  to  the  restrictive 
channel  opening  at  the  abandoned  highway  embankment  and  the 
relatively  large  storage  available  in  the  Saugus  marsh.  The 
largest  differences  occur  at  low  water  where  the  river  gages 
show  a  distinctly  higher  and  later  low  tide,  relative  to 
Boston.  Plots  of  typical  recording  gage  data  are  shown  in 
WES  Technical  Report  CERC-86-8,  "Frequency  of  Coastal  Flood¬ 
ing  at  Roughans  Point,  Broad  Sound,  Lynn  Harbor,  and  the 
Saugus-Pines  River  System."  Tables  8  and  9  list  representa¬ 
tive  normal  high  and  low  tide  data,  respectively,  as  col¬ 
lected  throughout  the  study  area  and  as  compared  to  the 
Boston  NOS  gage.  Table  10  provides  a  summary  of  the  tidal 
heights  and  timing  relationships  for  normal  high  tides  within 
the  estuary. 


TABLE  8 


MAXIMUM  NORMAL 

TIDE  ELEVATION* 

AND  TIMING** 

DATA 

FOR 

SAUGUS 

RIVER  ESTUARY 

Date 

7-29 

-84 

8-16 

-84 

Location 

Elev. 

Time 

Elev. 

Time 

Boston 

6.67 

23.8 

4.81 

2.0 

Fox  Hill  Drawbridge 

6.7 

23.9 

4.7 

2.0 

Broad  Sound  Tuna 

6.7 

23.9 

5.0 

2.0 

Atlantic  Lobster 

6.5 

24.2 

4.9 

2.  1 

Date 

9-17 

-85 

10-15 

-85 

Location 

Elev. 

Time 

Elev. 

Time 

Boston 

6.19 

12.9 

7  .45 

11.5 

Fox  Hill  Drawbridge 

6.55 

13.0 

7.67 

1  1  .6 

Lincoln  Avenue  Bridge 

6.  1 

13.3 

7.37 

11.6 

Town  Line  Tide  Gate 

6.1 

13.3 

7.08 

12.3 

Date 

11-13-85 

12-12 

-85 

Locat ion 

Elev. 

Time 

Elev. 

Time 

Boston 

7.2 

11.2 

7.96 

10.7 

Fox  Hill  Drawbridge 

7.1 

11.2 

8.  13 

10.9 

Lincoln  Avenue  Bridge 

6.89 

11.2 

7.89 

10.9 

Town  Line  Tide  Gate 

6.64 

1  1.6 

— 

— 

East  Saugus 

— 

— 

6.0  (est) 

Date 

1  1-3 

-86 

1  1-14 

-86 

Location 

Elev . 

Time 

Elev. 

Time 

Boston 

6.67 

11.3 

4.48 

9.6 

Fox  Hill  Drawbridge 

6.88 

11.3 

4.69 

9.5 

Lincoln  Avenue  Bridge 

6.67 

1  1  .4 

4.55 

9.5 

Town  Line  Tide  Gate 

6.46 

11.7 

4.70 

9.6 

East  Saugus 

— 

— 

— — 

— 

Date 

12-2 

-84 

4-16- 

8 1 

Location 

Elev. 

Time 

Elev. 

Time 

Boston 

— 

— 

— 

-  - 

Fox  Hill  Drawbridge 

6.78 

10.9 

5.6 

13.7 

Lincoln  Avenue  Bridge 

6.57 

10.9 

5.57 

14.0 

Town  Line  Tide  Gate 

6.36 

1  1  .4 

5.5 

14.5 

Motes:  *All  elevations  are  in  feet  MGVD. 

♦♦Timing  is  in  hours  and  tenths,  Eastern 
Standard  Time,  24-hour  clock. 
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TABLE  9 


MINIMUM  NORMAL  TIDE  ELEVATION*  AND  TIMING**  DATA 
FOR  SAUGUS  RIVER  ESTUARY 


Date 

7-30 

-84 

8-16-84 

Location 

Elev . 

Time 

Elev. 

Time 

Boston 

-6.3 

6.4 

-3.8 

8. 1 

Fox  Hill  Drawbridge 

-6.3 

6.3 

-3.7 

7.9 

Broad  Sound  Tuna 

-5.7 

6.8 

-3.6 

8.1 

Atlantic  Lobster 

-5.2 

7.3 

-3.6 

8.4 

Date 

5-7- 

87 

5-18-87 

Location 

Elev . 

Time 

Elev. 

Time 

Bos  ton 

Fox  Hill  Drawbridge 

-3.0 

13.0 

-5.1 

9.8 

Lincoln  Avenue  Bridge 

-3.0 

13.3 

— 

-- 

Town  Line  Tide  Gate 

-2.8 

13.5 

-3.  1 

10.2 

Notes:  *A11  elevations  are 

in  feet 

NGVD . 

**Timing  is  in  hours  and  tenths.  Eastern 
Standard  Time,  24-hour  clock. 
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TABLE  10 


NORMAL  HIGH  TIDE  COMPARISON 


Location 


Tide  Difference 
From  Boston 

CfeeTl 


Time  Difference 
From  Boston 
(minutes  ) 


Boston 

0 

0 

Fox  Hill  Drawbridge 

0  to  -0.1 

0 

to 

15 

Lincoln  Avenue  Bridge 

-0.1  to  -0.3 

5 

to 

15 

Broad  Sound  Tuna 

0  to  0.3 

0 

t  o 

5 

Atlantic  Lobster 

0  to  0.2 

5 

to 

1  5 

Town  Line  Brook 

-0.4  to  -0.6 

30 

to 

50 

East  Saugus 

-1.5  to  -2.5 

50 

to 

80 
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Tide  gage  measurements  during  non-storm  periods  have 
verified  that  there  is  little  difference  between  ocean  tide 
levels  and  interior  estuary  tide  levels.  Therefore,  for 
equivalent  tide  level  changes,  there  is  a  required  saltwater 
interchange  between  ocean  and  estuary.  Storage  capacity  in 
the  lower  Saugus  River  Basin  estuary  between  normal  low  tide 
(EL  -4.5  feet  NGVD)  and  normal  high  tide  (EL  5.0  feet  NGVD) 
is  about  4,600  acre-feet.  Therefore,  with  a  normal  tide 
cycle  of  about  12  hours  there  is  an  average  rate  of  saltwater 
interchange  of  about  9,400  cfs.  Under  midtide  rate  of  change 
of  2.4  feet  per  hour,  the  required  interchange  rate  is  about 
15,000  cfs.  Comparatively,  under  a  spring  tide  range  of  11 
feet,  total  storage  interchange  is  about  5,500  acre-feet  in 
6-hours  for  an  average  interchange  rate  of  11,000  cfs,  and 
under  a  midtide  rate  of  change  of  2.7  feet  per  hour,  the 
required  interchange  rate  is  about  17,000  cfs. 

Placing  the  hydrology  and  tidal  hydraulics  of  the 
estuary  in  perspective,  the  average  rate  of  saltwater  inter¬ 
change  to  the  estuary  is  over  100  times  the  average  fresh¬ 
water  inflow  from  the  basin  (9,400  cfs  vs  80  cfs).  Even 
under  the  rare  condition  of  a  one  percent  chance  Saugus  River 
flow,  coincident  with  a  one  percent  chance  local  runoff,  the 
peak  freshwater  inflow  to  the  estuary  would  be  about  43  per¬ 
cent  (4,000  vs  9,400  cfs)  of  the  average  rate  of  saltwater 
tidal  interchange.  Tidal  hydrology  of  the  Saugus  River 
estuary  and  its  resulting  environment  are  more  a  function  of 
the  hydraulics  of  tide  water  interchange  than  of  basin  run¬ 
off.  Similarly,  the  hydraulic  requirements  of  any  structural 
improvements  for  flood  control  are  more  a  function  of  the 
requirements  for  tidal  interchange  than  for  freshwater 
discharge . 

b.  Storm  Types.  Two  distinct  types  of  storms,  distin¬ 
guished  primarily  by  their  place  of  origin  as  being  extra- 
tropical  and  tropical  cyclones,  influence  coastal  process  in 
New  England.  These  storms  can  produce  above  normal  water 
levels  and  waves  and  must  be  recognized  in  studying  New 
England  coastal  problems. 

(1)  Extratropical  Cyclones.  These  are  the  most  fre¬ 
quently  occurring  variety  of  cyclones  in  New  England.  Low 
pressure  centers  frequently  form  or  intensify  along  the 
boundary  between  a  cold  dry  continental  air  mass  and  a  warm 
moist  marine  air  mass  just  off  the  coast  of  Georgia  or  the 
Carolines  and  move  northeastward  more  or  less  parallel  to  the 
coast.  These  storms  derive  their  energy  from  the  temperature 
contrast  between  cold  and  warm  air  masses.  The  organized 
circulation  pattern  associated  with  this  type  of  storm  may 
extend  for  1,000  to  1,500  miles  from  the  storm  center.  The 
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wind  field  in  an  extratropical  cyclone  is  generally  asym¬ 
metric  with  the  highest  winds  in  the  northeastern  quadrant. 
When  the  storm  center  passes  parallel  and  to  the  southeast  of 
the  New  England  coastline  and  the  highest  onshore  windspeeds 
are  from  the  northeast,  these  storms  are  called  "north¬ 
easters"  or  "nor ' eas ters"  by  New  Englanders.  As  the  storm 
approaches  and  passes,  local  wind  directions  may  vary  from 
southeast  to  slightly  west  of  north.  Coastlines  exposed  to 
these  winds  can  experience  high  waves  and  extreme  storm 
surge.  Such  storms  are  the  principal  tidal  flood  producing 
events  throughout  the  study  area.  Other  storms  which  take  a 
more  inland  track  can  have  high  winds  from  the  southeast. 
These  are  referred  to  as  "southeasters ."  In  the  area  under 
study,  these  storms  do  not  generally  produce  as  much  storm 
surge  and  wave  action  as  "northeasters"  due  to  more  limited 
fetch.  The  prime  season  for  severe  extratropical  storms  in 
New  England  is  November  through  April. 

(2)  Tropical  Cyclones.  These  storms  form  in  a  warm 
moist  air  mass  over  the  Caribbean  and  waters  adjacent  to  the 
West  Coast  of  Africa.  The  air  mass  is  nearly  uniform  in  all 
directions  from  the  storm  center.  Energy  for  the  storm  is 
provided  by  the  latent  heat  of  condensation.  When  the  maxi¬ 
mum  windspeed  in  a  tropical  cyclone  exceeds  75  mph ,  it  is 
labeled  a  hurricane.  Wind  velocity  at  any  position  can  be 
estimated  based  upon  the  distance  from  the  storm  center  and 
the  forward  speed  of  the  storm.  The  organised  wind  field  may 
not  extend  more  than  300  to  500  miles  from  the  storm  center. 
Recent  hurricanes  affecting  New  England  generally  have 
crossed  Long  Island  Sound  and  proceeded  landward  in  a  gener¬ 
ally  northerly  direction.  However,  hurricane  tracks  can  be 
erratic.  The  storms  lose  much  of  their  strength  after  land¬ 
fall.  For  this  reason  the  southern  coast  of  New  England 
experiences  the  greatest  surge  and  wave  action  from  the 
strong  southerly  to  easterly  flowing  hurricane  winds.  How¬ 
ever,  on  very  rare  occasions,  reaches  of  coastline  in  eastern 
and  northern  New  England  may  experience  some  storm  surge  and 
wave  action  from  the  weakened  storm.  Hurricanes  have  not 
been  a  principal  cause  of  tidal  flooding  in  the  greater 
Boston  area.  The  hurricane  and  tropical  storm  season  in  New 
England  generally  extends  from  August  through  October. 

c.  Winds .  An  estimate  of  windspeed  is  one  of  the  essen¬ 
tial  ingredients  in  predicting  wave  heights.  The  most  accu¬ 
rate  estimate  of  winds  at  sea,  which  generate  waves  and 
propel  them  landward,  is  obtained  by  utilizing  isobars  of 
barometric  pressure  recorded  during  a  given  storm.  However, 
actual  recorded  windspeed  and  direction  data  observed  at  a 
land  based  coastal  meteorological  station  can  serve  as  a 
useful  guide  when  more  locally  generated  waves  and  currents 
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are  of  interest.  The  disadvantage  with  using  land  based  wind 
records  is  that  they  may  not  be  totally  indicative  of  wind 
velocities  at  the  sea-air  interface  where  the  waves  are  gen¬ 
erated.  However,  often  they  are  the  only  available  source  of. 
information  and  adjustments  must  be  made  to  develop  over 
water  estimates  from  the  land  based  records.  Also,  when 
estimating  wave  overtopping  of  coastal  structures,  it  is 
necessary  to  utilize  local  wind  conditions.  These  local 
winds  help  determine  how  much  of  the  runup  from  breaking 
waves  is  blown  over  the  structure. 

(  1  )  Percent  Occurrence  of  Wind  Direction  and  Speed . 
The  National  Weather  Service  (NWS )  has  recorded  31  years  of 
hourly  one-minute  average  windspeed  and  direction  data  at 
Logan  International  Airport  in  Boston,  Massachusetts  from 
1945  through  1979.  Logan  Airport,  which  is  adjacent  to  the 
study  area,  is  the  closest  location  to  the  project  for  which 
relatively  complete,  systematically  recorded,  wind  data  are 
available.  The  windspeed  data  were  adjusted  to  a  standard 
33-foot  observation  height  and  one-minute  average  windspeeds 
were  converted  to  one-hour  average  windspeeds.  Since  Logan 
International  Airport  is  almost  directly  adjacent  to  the 
ocean,  no  land  to  sea  conversion  was  applied.  However,  a 
wind  stability  correction  was  made  for  all  fetches  of  inter¬ 
est.  All  adjustments  were  made  in  accordance  with  ETL  110-2- 
305  on  the  subject  of  determining  wave  characteristics  on 
sheltered  waters.  Utilizing  these  one-hour  average  wind 
data,  the  percent  occurrence  of  wind  direction  and  windspeed 
range  were  computed.  Since  only  onshore  winds  at  the  project 
are  of  interest,  the  wind  directions  utilized  in  this  analy¬ 
sis  were  limited  to  those  between  northeast  (NE)  and  south¬ 
east  (SE).  This  analysis,  results  of  which  are  shown  in 
table  11  and  figure  4,  indicated  that  the  principal  onshore 
wind  direction  for  windspeeds  less  than  or  equal  to  5  mph  is 
from  the  SE  and  for  windspeeds  greater  than  5  and  less  than 
or  equal  to  15  mph,  it  is  from  the  ESE.  Winds  greater  than 
15  and  less  than  or  equal  to  20  mph  generally  come  from  the 
E.  Winds  greater  than  20  mph  come  from  the  NE .  The  maximum 
average  windspeed  (11.8  mph)  is  from  the  NE  and  the  greatest 
maximum  speed  was  68.7  mph  from  the  SE.  Overall  average 
speed  is  10.5  mph.  Table  11  also  shows  the  resultant  wind 
direction  for  various  windspeed  ranges.  The  resultant  wind 
direction  is  a  vector  quantity  computed  using  the  product  of 
windspeed  and  direction.  It  is  an  indicator  of  net  air  move¬ 
ment  past  a  given  location.  Overall,  the  resultant  wind 
direction  is  from  the  E.  However,  winds  greater  than  20  mph 
have  a  more  ENE  resultant.  The  greatest  percentage  of  wind- 
speeds  is  shown  to  be  greater  than  10  and  less  than  or  equal 
to  15  mph . 
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FIGURE  4 


PERCENT  OBSERVATIONS  (XIO) 


(2)  Windspeed  Persistence.  Additionally,  actual 
windspeed  persistence  was  determined  on  a  directional  basis. 
The  resulting  maximum  windspeed  persistence  data,  shown  on 
figures  5(a)  through  5(e),  for  directions  northeast  through 
southeast,  indicate  the  maximum  number  of  consecutive  hourly 
windspeed  observations  that  occurred  at  a  given  average  speed 
from  a  particular  direction.  This  analysis  demonstrated  that 
high  onshore  wind  can  occur  for  extended  periods  of  time  in 
the  study  area.  High  speed,  long  duration  winds  are  usually 
associated  with  northeasters  and,  therefore,  come  from  the 
northeastern  quadrant.  High  intensity,  short  duration  winds 
have  come  from  the  southeast  due  to  hurricane  events. 

(3)  Winds  During  Historic  Storms.  When  studying 
overtopping  of  coastal  structures  it  is  useful  to  examine 
wind  conditions  occurring  during  past  flood  events  in  order 
to  get  an  appreciation  for  the  possible  severity  of  experi¬ 
enced  wave  overtopping  conditions.  Table  12  presents 
National  Weather  Service  (NWS)  wind  observations  recorded  at 
Logan  Airport  in  Boston  during  notable  tidal  floods.  From 
these  data  it  can  be  seen  that  the  strongest  winds  recorded 
during  flood  events  generally  originated  from  directions 
between  northeast  and  east.  The  greatest  fastest-mile  (ap¬ 
proximately  equal  to  one-minute  average  speed)  listed,  61  mph 
from  the  northeast,  was  recorded  on  6  February  1978  during 
the  great  "Blizzard  of  '78."  By  comparing  table  12  with 
table  15,  it  can  be  seen  that  the  Stillwater  tide  levels 
recorded  during  these  storm  events  ranged  between  10.3  and 
8.3  feet,  respectively.  However,  extremely  severe  onshore 
winds  have  occurred  during  storm  events  which  produced  signi¬ 
ficantly  lower  observed  maximum  Stillwater  tide  levels  in  the 
study  area. 

Since  the  astronomical  tide  range  at  the  project  is 
so  variable,  as  explained  in  section  6a,  many  severe  coastal 
storms  occur  during  periods  of  relatively  low  astronomic 
tides.  Thus,  even  though  a  storm  may  produce  exceptionally 
high  onshore  winds,  waves  and  a  tidal  surge,  the  resulting 
tide  level  may  be  less  than  that  occurring  during  a  time  of 
high  astronomic  tide  and  little  meteorological  influence. 
Table  13  presents  wind  data  recorded  at  Logan  Airport  during 
storms  which  produced  annual  maximum  surge  values  of  3  feet 
or  more.  For  comparison,  table  14  lists  maximum  annual  storm 
surges  determined  by  the  NWS  in  their  "Tide  Climatology  For 
Boston,  MA,"  November  1982,  and  associated  observed  tide 
levels.  It  can  be  seen  that  recurrence  intervals  of  the 
maximum  observed  tide  levels  recorded  on  days  of  maximum 
annual  storm  surge  were  generally  less  than  one  year,  with 
only  a  few  storms  producing  significant  tidal  flood  levels. 
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First  Standard  Error 
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FIGURE  5 B 
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FIGURE  5C 


East-Southeast 
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FIGURE  5D 


Southeast 
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FI  CURE  5E 


BOSTON  -  LOGAN  INTERNATIONAL  AIRPORT 
NATIONAL  WEATHER  SERVIC E 
WIND  OBSERVATIONS  RECORDED 
DURING  NOTABLE  TIDAL  FLOODS 
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provide  uniformity  with  table  15. 
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Fa s t e s e-mi  le  not  available;  value  shown  is  five-minute  average  speed 


ANNUAL  MAXIMUM  STORM  SURGE 
BOSTON,  MASSACHUSETTS 
(1922-1979) 
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Recurrence  interval  of  observed  tide  elevations.  Obtained  frost  tide 
stage-frequency  relationship,  figure  8. 


MAXIMUM  STILLWATER  TIDE  HEIGHTS 
BOSTON.  MASSACHUSETTS 
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'Observed  value*  after  adjustaent  for  changing  Bean  sea  level;  adjustaent  Bade  to  1987  aean  aea  level. 
"Approxiaate  value  based  upon  historical  account.  Record  not  sufficient  to  docuaent,  change  of  sea  level 
for  this  t iae . 

"Recurrence  interval  of  observed  tide  elevations.  Obtained  from  tide  stage-frequency  relationship, 
f igure  8 . 


Some  of  the  most  severe  onshore  winds,  waves  and 
storm  surges  are  shown  to  have  produced  minor  tidal  flooding, 
owing  to  their  coincidence  with  low  astronomic  tides.  A  good 
example  of  this  is  the  30  November  1945  event  which  produced 
the  maximum  storm  surge  of  record  at  Boston;  extremely  high 
onshore  winds  occurred  during  low  astronomic  tide  and  resul¬ 
ted  in  only  a  minor  Stillwater  tidal  flood  level  (7.6  -feet 
NGVD). 


Conversely,  rather  significant  tidal  flood  levels  can 
result  from  the  coincidence  of  relatively  high  astronomic 
tides  and  relatively  minor  meteorological  events.  Astronomic 
high  tide  level  in  Boston  alone  can  reach  7.4  feet  NGVD  (see 
table  7).  With  such  a  condition,  a  coincident  storm  surge 
of  only  2  to  3  feet  can  produce  major  tidal  flood  levels. 

The  7  February  1978  storm  tide  at  Boston  reached  10.3  feet 
NGVD,  the  greatest  of  record,  but  was  produced  by  a  combina¬ 
tion  of  astronomic  tide  of  6.9  feet  NGVD  and  surge  of  3.4 
feet,  the  latter  being  of  only  moderate  magnitude  (see  table 
14  which  shows  that  a  surge  of  3.4  feet  is  not  extreme). 

Windspeed  observations  recorded  by  the  NWS  at 
Boston's  Logan  Airport  during  the  great  blizzard  of  '78  are 
shown  on  figure  6.  It  shows  gusts  in  excess  of  55  knots  (63 
mph)  for  about  four  hours  from  the  ENE.  Average  windspeeds 
were  sustained  above  43  knots  (49  mph)  for  nearly  four  hours 
from  the  same  direction. 

d.  Storm  Tides.  The  total  effect  of  astronomical  tide 
combined  with  storm  surge  produced  by  wind,  wave,  and  atmos¬ 
pheric  pressure  contributions  is  reflected  in  actual  tide 
gage  measurements.  Since  the  astronomical  tide  is  so  var¬ 
iable  at  the  study  area,  time  of  occurrence  of  the  storm 
surge  greatly  affects  the  magnitude  of  the  resulting  tidal 
flood  level.  Obviously,  a  storm  surge  of  3  feet  occurring  at 
a  low  astronomical  tide  would  not  produce  as  high  a  water 
level  as  would  be  produced  if  it  occurred  at  a  higher  tide. 

It  is  important  to  note  that  the  storm  surge  itself  varies 
with  time,  thus  introducing  another  variable  into  the  makeup 
of  the  total  flood  tide. 

(1)  Boston .  The  variation  in  observed  tide  and 
surge  at  Boston  during  the  "Blizzard  of  '78"  is  shown  in 
figure  7.  It  is  interesting  to  note  that  the  maximum  surge 
(4.7  feet)  occurred  just  before  10  p.m.  on  6  February.  How¬ 
ever,  the  maximum  observed  tide  occurred  about  10:30  a.m.  the 
following  day  when  the  surge  had  dropped  by  1.3  feet.  Had 
the  maximum  surge  recorded  during  the  storm  occurred  at 
10:30  a.m.  on  7  February,  the  observed  tide  would  have  been 
11.6  feet  NGVD,  and  would  have  resulted  in  even  more  cata¬ 
strophic  flooding  at  the  project  area.  Annual  maximum  surge 
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values  of  greater  than  or  equal  to  3.0  feet  measured  at  the 
Boston,  Massachusetts,  National  Ocean  Survey  (NOS)  tide  gage 
are  shown  in  table  14.  The  average  annual  maximum  storm 
surge  at  Boston  is  3  feet.  This  table  shows  the  importance 
of  coincident  astronomic  tide  in  producing  significant  tidal 
flooding  (see  the  discussion  in  section  6c,  which  deals  with 
the  wind  observations  recorded  during  these  events). 

The  NOS  has  systematically  recorded  tide  heights  at 
Boston,  Massachusetts  since  1922.  The  record  prior  to  that 
time  was  developed  utilizing  staff  gage  measurements  and 
historical  accounts.  Maximum  observed  Stillwater  tide 
heights  (measurements  taken  in  protected  areas  in  which 
waves  are  dampened  out)  recorded  through  1987  are  shown  in 
table  15.  Also  shown  are  the  tide  heights  with  an  adjustment 
applied  to  account  for  the  effect  of  rising  sea  level  (see 
section  14).  The  greatest  observed  Stillwater  tide  level 
recorded  occurred  during  the  "Great  Blizzard  of  '78."  No 
hurricanes  or  tropical  storms  are  known  to  have  produced 
extreme  tide  heights  at  Boston,  thus  indicating  that  histori¬ 
cally  the  principal  threat  of  flooding  in  the  study  area  is 
due  to  storms  of  the  extra t ropica 1  variety. 

(2)  Study  Area.  Tidal  observations  throughout  the 
study  area  made  by  NED  and  the  USGS  for  the  2  January  1987 
storm  are  compared  to  similar  data  from  Boston  in  table  16. 

It  can  be  seen  that  in  general,  for  significant  storm  tides, 
water  levels  are  less  impacted  by  restrictions  (i.e.,  bridge 
openings,  1-95  embankment,  etc.)  than  they  are  at  normal 
spring  tides.  This  can  be  seen  by  comparing  the  water  levels 
of  Fox  Hill  drawbridge  and  estimated  water  levels  for  Town 
Line  Brook  which  show  almost  no  difference.  In  table  10,  the 
corresponding  normal  spring  tide  differences  were  approxi¬ 
mately  0.5  foot  lower. 


TABLE  16 


2_ 

TIDAL  OBSERVATIONS 
JANUARY  1987  STORM  EVENT 

Location 

Elevation 

Timing 

Source  of  Data 

(ft,  ngvdT 

(hr  3 ) 

Boston 

9.43 

12.2 

National  Ocean 
Survey  Gage 

Saugus  River  at 

Fox  Hill  Drawbridge 

9.57 

13.0 

USGS  Gage 

Pines  River  at 

Town  Line  Brook 

Tide  Gate 

9.5  ( es  t  ) 

High  Water- 
Mark 

Pines  River  Marsh 
at  East  Saugus 

8. 5  (est) 

— 

High  Water- 
Mark 

e .  Tide-Stage  Frequency 

(1)  Boston.  A  tide  stage-frequency  relationship  for 
Boston  was  previously  developed  in  1979  utilizing  a  composite 
of  (a)  a  Pearson  type  III  distribution  function,  with  ex¬ 
pected  probability  adjustment,  for  analysis  of  historic  and 
systematically  observed  annual  maximum  Stillwater  tide  levels 
and  (b)  a  graphical  solution  utilizing  Weibull  plotting  posi¬ 
tions  for  partial  duration  series  data  (reference:  EM  1110-2- 
1412,  IS  April  1986).  A  similar  analysis  of  maximum  still- 
water  tide  levels  was  completed  using  updated  tidal  data 
obtained  from  the  NOS  through  the  year  1987.  Comparison  of 
the  results,  which  take  into  account  NOS'  latest  estimates  of 
historic  sea  level  rise,  shows  imperceptible  differences  from 
the  1979  curve  and  therefore  a  change  is  not  considered  war¬ 
ranted  for  this  study.  The  resulting  tide  stage-frequency 
curve  is  shown  on  figure  8. 

(2)  Study  Area.  NOS  tide  gage  records  and  high 
watermark  data  gathered  after  major  storms  have  been  utilized 
in  the  development  of  profiles  of  tidal  floods  along  the  New 
England  coast.  Additionally,  profiles  of  storm  tides  for 
selected  recurrence  intervals  have  been  developed  utilizing 
tide  stage-frequency  curves  and  high  watermark  information. 

A  location  map  and  profile  for  the  reach  of  New  England  coast 
bounding  the  project  are  shown  in  figures  9  and  10,  respec- 
t ive ly . 
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Additionally,  studies  by  the  Coastal  Engineering 
Research  Center  (CERC)  for  the  adjacent  Roughans  Point  Proj¬ 
ect  have  indicated  that  storm  tide  frequency  in  the  Saugus 
and  Pines  River  system  is  nearly  identical  to  that  at  the 
Boston  NOS  gage.  CERC  simulated  surges  for  50  randomly 
selected  coastal  storms  (maximum  water  levels  ranged  from  7.9 
to  11.2  feet,  NGVD )  using  the  W1FM  model  and  determined  their 
frequency.  Results  were  presented  in  Technical  Report  CERC- 
86-8.  During  more  frequent  storm  tide  events,  most  built-up 
areas  are  protected  by  localized  stretches  of  high  ground, 
tide  gates,  etc.  Therefore,  information  from  the  CERC  report 
supplemented  by  knowledge  of  local  drainage  patterns  and  past 
flood  high  watermarks  was  used  to  develop  flood  stage  fre¬ 
quency  relationships  for  many  separate  damage  zones.  These 
curves  and  related  explanation  are  contained  in  the  following 
section. 


7.  TIDAL  FLOOD  PLAIN  ZONES 

a.  General .  Tidal  flood  plain  zones  susceptible  to 
flood  damages  in  the  lower  Saugus  River  Basin  are  generally 
those  coastal  reaches  in  Revere  and  Lynn  which  have  direct 
ocean  (Broad  Sound)  exposure  and  developed  areas  in  Lynn, 
Revere,  and  Saugus,  located  on  the  periphery  of  the  interior 
tidal  estuaries.  Existing  condition  flood  elevation  fre¬ 
quency  estimates  were  made,  for  use  by  others,  in  determining 
flood  damage  estimates.  Frequency  relations  were  developed 
for  12  different  hydrologic/hydraulic  zones  including  some 
subareas  within  zones.  Location  of  the  12  zones,  six  in 
Revere,  three  in  Saugus  and  three  in  Lynn,  and  respective 
subareas  are  shown  on  plate  3.  Development  of  the  elevation 
frequency  relationships  for  each  zone  and  subarea  was  not  a 
precise  analytical  process  but  involved  consideration  of  the 
topographic  and  hydraulic  features  of  each  site,  available 
information  on  historic  flood  levels,  and  strong  reliance  on 
the  developed  ocean  Stillwater  elevation  frequency  relation 
discussed  in  the  section  6e  -  ’’Tide  Stage  Frequency."  In 
practically  all  cases  the  experienced  February  1978  record 
storm  tide  level  was  assigned  a  one  percent  annual  chance  of 
occurrence  based  on  the  statistical  analysis  of  long  term 
storm  tide  records  for  Boston  Harbor.  The  Boston  record  in¬ 
cluded  adjustment  of  historical  data  for  the  gradual  long 
term  rise  in  ocean  level. 

b.  Recent  Tidal  Flood  History.  Ocean  storm  accounts  for 
the  New  England  coast  extend  over  a  300-year  historic  period 
and  continuous  records  of  ocean  tides  at  Boston  have  been 
maintained  since  1922.  In  that  historic  period,  the  greatest 
known  tide  level  at  Boston  was  10.3  feet  NGVD  occurring  in 
February  1978.  Other  historic  events  approaching  that  level, 
or  exceeding  after  adjustment  for  rise  in  sea  level,  were  16 
April  1831  and  26  December  1909,  at  elevation  10.1  and  9.9 
feet  NGVD  and  10.4  and  10.5  feet  NGVD  after  adjustment, 
respectively.  No  reliable  systematic  high  water  data  is 
available  in  the  lower  Saugus  River  basin  for  the  historic 
storm  events.  Resident  recollection  is  generally  limited  to 
the  previous  10-  to  15-year  period.  Recent  notable  storm 
tides  at  Boston,  in  addition  to  February  1978,  were: 

2  January  1987  with  a  Stillwater  elevation  of  9.4  feet  NGVD, 
25  January  1979  with  a  Stillwater  elevation  of  9.3  feet  NGVD, 
and  19  February  1972  with  an  elevation  of  9.1  feet  NGVD. 
Rainfall  accompanying  these  recent  highest  tidal  events  is 
listed  in  table  3.  Experienced  high  water  elevations  and 
developed  flood  stage  frequency  relations  for  selected  flood 
plain  zones  in  Revere,  Lynn  and  Saugus,  MA  are  listed  in 
table  17. 
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TABLE  17 


LOCATIOI  -  COroiTIOl 

BOSTOI  STILLUTEB 

ZOn  1  -  latural 

Modified  By  Tidal  Frotec. 

ZOIE  2A  -  latural 

Modified  By  Tidal  Frotee. 

ZOIE  2B  -  latural 

Modified  By  Tidal  Frotec. 

ZOIE  3A  -  latural 

Modified  By  Tidal  Frotec. 

ZOIE  4A  •  latural 

Modified  By  Tidal  Frotec. 

ZOIE  4B  -  latural 

Modified  By  Tidal  Frotec. 

ZOIE  4C  -  latural 

Modified  By  Tidal  Frotec. 

ZOIE  5A  •  latural 

Modified  By  Tidal  Frotec. 

ZOIE  SB  -  latural 

Modified  By  Tidal  Frotec. 

ZOIE  SC  -  latural 
AID  5D  Modified  By  Tidal  Frotec. 

ZOIE  8  -  latural 

Modified  By  Tidal  Frotec. 


BETEBE.  MASSACHUSETTS 
IATPBAL  UD  MODIFIED 
FLOOD  STAGE  FBEQDEKIES 
(Feet  I0VD) 

AHUAL  FBEQUEKCIES  (X) 


EPEBIEICED 


0.2 

■n 

_ 10__ 

50 

90 

1978 

1979 

1987 

Othere 

11.2 

10.3 

9.1 

8.2 

7.9 

10.3 

9.3 

9.4 

9.1  (72)  8.9  (67) 

8.6 

7.1 

5.0 

3.B 

3.5 

7.0 

5.6 

- 

4.5  (72) 

8.6 

4.7 

4.4 

3.8 

3.5 

13.0 

11.3 

7.8 

8.5 

6.4 

11.3 

8.5 

8.6 

7.3  (67) 

6.8 

6.7 

6.6 

6.5 

6.4 

10.9 

9.3 

5.8 

3.8 

3.4 

9.3 

- 

4.7 

4.8 

4.6 

4.4 

3.8 

3.4 

8.0 

6.1 

5.0 

4.4 

4.1 

6.4 

- 

. 

6.8 

6.0 

5.0 

4.4 

4.1 

9.8 

8.3 

5.5 

3.8 

3.4 

8.3 

5.5 

5.0  ♦ 

4.8 

4.8 

4.2 

3.8 

3.4 

8.4 

6.5 

3.8 

3.2 

3.0 

6.5 

- 

6.5  ♦ 

3.7 

3.5 

3.3 

3.2 

3.0 

9.5 

7.7 

5.8 

5.2 

5.0 

7.7 

- 

7.0  ♦ 

5.6 

5.4 

5.3 

5.2 

5.0 

11.2 

10.3 

9.1 

8.2 

7.9 

10.2 

. 

9.0 

7.6 

7.4 

7.2 

7.1 

7.0 

11.2 

10.3 

9.1 

8.2 

7.9 

11.0 

9.6 

9.4 

7.2 

7.1 

7.0 

11.2 

10.3 

9.1 

8.2 

7.9 

8.3 

- 

9.4 

7.6 

7.4 

7.2 

7.1 

7.0 

11.8 

10.7 

9.0 

7.9 

7.4 

10.7 

9.5 

7.8 

7.4 

7.2 

7.1 

7.0 
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TABLE  17  (cont.) 


LTCT.  MASSACHUSETTS 
IATUBAL  AJTO  MODIFIED 
FLOOD  STAGE  FBEQOEKIES 
(Feet  IGVD) 

AIIUAL  FBEQOESCIES  (X) 


EPEjlEjjCED 


LOCATIOI  -  COIDITIOI 

0.2 

1.0 

10 

50 

90 

1978 

1979 

1987 

Others 

BOSTOI  STILLVATEB 

11.2 

10.3 

9.1 

8.2 

7.9 

10.3 

9.3 

9.4 

9.1 

(72)  8.9 

(67) 

ZOIE  1  -  latural 

13.8 

12.4 

10.1 

9.0 

8.5 

12.4 

10.1 

10.0  i 

Modified  By  Tidal 
Protection 

8.5 

8.4 

8.4 

8.4 

8.3 

ZOIE  2  -  latural 

12.0 

11.2 

9.9 

9.1 

8.8 

11.2 

- 

10.0 

Modified  By  Tidal 
Protection 

8.6 

8.4 

8.4 

8.4 

8.3 

ZOIE  3  -  latural 

11.2 

10.3 

9.1 

8.2 

7.9 

10.3 

9.3 

9.6 

Modified  By  Tidal 
Protection 

7.8 

7.4 

7.1 

7.0 

7.0 

SAUGUS.  MASSACHUSETTS 
IATUBAL  AID  MODIFIED 
FLOOD  STAGE  FBEQUE1CIES 

(Feet  IGTD) 

AflUAL  FHEQUEICIES  (l) 

EXPERIEICED 

LOCATIOI  -  COIDITIOI 

0.2 

1.0 

10 

50 

90 

1978 

1979 

1987 

Others 

BOSTOI  STILLMATEB 

11.2 

10.3 

9.1 

8.2 

7.9 

10.3 

9.3 

9.4 

9.1 

(72)  8.9 

(67) 

EAST  SADGOS 

ZOIE  1  -  latural 

12.1 

11.0 

9.'* 

8.2 

7.9 

11.0 

9.2 

9.6 

Modified  By  Tidal 
Protection 

7.6 

7.4 

7.1 

7.0 

7.0 

ZOIE  2  •  latural 

11.9 

10.7 

8.3 

6.0 

- 

10.7 

- 

7.2 

- 

(212) 

Modified  By  Tidal 
Protection 

6+ 

6- 

- 

- 

- 

ZOIE  3  *  latural  (Upper  Limit) 

11.7 

10.5 

8.6 

7.0 

6.4 

10.5 

- 

8.5 

- 

Modified  By  Tidal 
Protection 

7.6 

7.3 

7.1 

6.8 

(6-) 
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c  •  Flood  Plain  Zones  -  Revere 

( 1 )  Zone  1  -  Crescent  Beach  Area,  Revere:  This  zone 
is  Chat  coastal  interior  area  of  Revere  extending  north  from 
Roughans  Point  (Eliot  Circle)  about  2,600  feet  to  Shirley 
Avenue.  The  area  is  triangular  in  shape  generally  bounded  on 
the  south  by  Sales  Creek,  on  the  west  by  North  Shore  Road,  on 
the  north  by  Shirley  Avenue,  and  on  the  east  by  Crescent 
Beach  (Revere  Beach  Boulevard).  Historically,  flooding  in 
the  zone  has  generally  been  limited  to  the  interior  low  area 
generally  west  of  Ocean  Avenue  and  the  MBTA  tracks  in  the 
Garfield  School  Region  and  extending  south  to  the  Sales 
Creek.  Minimum  ground  elevations  in  this  interior  area  are 
generally  around  +4.0  feet  NGVD.  Drainage  of  the  zone  is 
generally  to  the  south  in  a  channel  along  the  MBTA  Railroad 
outletting  to  Sales  Creek,  which  is  a  tidal  estuary  that 
originally  drained  west  to  the  Chelsea  River.  However,  the 
creek  now  drains  west  about  2,000  feet  and  then  reverses 
direction  draining  southwest  a  distance  of  about  3,000  feet, 
through  Suffolk  Downs  racetrack,  discharging  to  the  Belle 
Isle  inlet  of  Boston  Harbor  at  Bennington  Street.  There  is  a 
tide  gate  on  the  stream  at  Bennington  Street.  The  capacity 
of  the  entire  drainage  system  is  a  function  of  ocean  tide.  A 
plan  of  improvement  for  Sales  Creek  was  developed  by  Andrew 
Christo  Engineers  for  the  Commonwealth  of  Massachusetts , 
Division  of  Waterways,  in  1974.  The  plan  includes  channel 
and  conduit  improvements  plus  the  construction  of  a  pumping 
station  and  new  tide  gate  at  Bennington  Street.  The  pumping 
station  has  been  completed  but  little  of  the  channel-conduit 
improvements  have  been  accomplished.  The  completion  of  this 
plan  and  continued  operation  and  maintenance  of  its  extensive 
channel-conduit-station  system,  will  result  in  an  improved 
drainage  outlet  for  the  Crescent  Beach  area,  provided  im¬ 
provements  are  made  in  its  own  local  storm  drainage  system. 
Flooding  in  zone  1  is  due  primarily  to  limited  storm  drainage 
facilities,  aggravated  by  high  stages  in  the  receiving  Sales 
Creek.  Under  extreme  tidal  storms,  tidal  overtopping  waters 
from  zone  2  can  enter  zone  1  by  flowing  south  from  zone  2 
along  the  MBTA  Tracks.  Based  on  field  reconnaissance,  it  was 
concluded  that  tidal  overtopping  at  Crescent  Beach,  opposite 
zone  I,  in  1978  was  quite  minimal.  An  existing  condition 
s t age- frequency  relationship  for  zone  1  in  Revere  was 
estimated  based  on  reported  average  flood  levels  for  the 
events  of  February  1978  -  7.0  feet  NGVD,  January  1979  -  5.6 
feet  NGVD,  and  February  1972  -  4.5  feet  NGVD,  and  their 
associated  storm  tide  frequencies  at  Boston.  It  was  further 
concluded  that  for  rare  events,  with  tides  appreciably  in 
excess  of  10  feet  NGVD,  there  would  be  excessive  overtopping 
of  Bennington  Street  and  resulting  stages  in  Sales  Creek  and 
zone  I  would  approach  the  Boston  Stillwater  level. 
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(2)  Zone  2:  Wonderland,  Revere:  Zone  2  is  the 
Revere  Beach  Wonderland  Park  area  of  Revere,  generally 
bordered  on  the  south  by  Shirley  Avenue  (zone  l),  the  B&M 
Railroad  to  the  west,  Revere  Street  on  the  north,  and  the 
Revere  Beach  seawall  on  the  east.  Subarea  2A  (Police  Station 
area)  is  the  higher  part  of  the  zone  generally  east  of  North 
Shore  Road  and  subarea  2B  (Dog  Track  area)  is  the  lowest 
portion  located  generally  west  of  North  Shore  Road.  Minimum 
ground  elevations  in  subarea  2A  are  around  +6;0  feet  NGVD  and 
in  subarea  2B,  as  low  as  -*-3.0  feet  NGVD.  Drainage  from  2A  is 
to  the  west  towards  2B  where  it  combines  with  2B  drainage. 
This  combined  drainage  flows  first  to  the  north  about  2,400 
feet,  via  "county  ditch,"  crossing  beneath  Revere  Street  and 
then  westerly  about  600  feet,  crossing  beneath  North  Shore 
Road,  then  the  B&M  railroad  tracks,  and  outletting  to  Diamond 
Creek  just  west  of  North  Shore  Road.  Diamond  Creek,  in  turn, 
is  a  tributary  to  the  Pines  River.  There  are  tide  gates  on 
"county  ditch"  at  North  Shore  Road  and  at  the  B&M  embankment. 
There  is  a  period  of  time  during  each  12-hour  tide  cycle  when 
tide  levels  in  the  receiving  Pines  River  prevent  any  gravity 
drainage  from  zone  2.  During  these  periods  any  zone  2  storm 
drainage  must  be  temporarily  stored  either  by  infiltration  or 
surface  pondage  in  the  drainage  system,  adjacent  low  lying 
wetlands  or  parking  lots. 

It  is  noted  that  a  tidal  floodgate  project  at  the 
mouth  of  the  Saugus  River  (see  paragraph  8b)  could  not  be 
operated  to  maintain  the  Pines  River  low  enough  to  provide 
continuous  gravity  drainage  from  low  areas  such  as  zone  2  and 
some  residual  local  drainage  problems,  in  the  absence  of 
tidal  flooding,  may  persist.  It  would  need  to  be  stipulated, 
as  a  part  of  local  assurances,  that  all  existing  flap  gate 
structures  outletting  to  the  Saugus-Pines  River  estuary  would 
be  maintained  in  good  operating  condition,  and  any  and  all 
proposed  new  developments  in  these  low  areas  would  be 
thoroughly  reviewed  with  regards  to  their  potential  impact  on 
both  drainage  problems  and/or  needs. 

Flooding  can  occur  in  subarea  2B  as  a  result  of 
either  intense  interior  rainfall-runoff  during  periods  of 
high  tide  or,  more  significantly,  by  waves  overtopping  the 
Revere  seawall  and  flowing  through  subarea  2A  into  subarea 
2B.  In  contrast,  subarea  2A  has  reasonably  good  normal  rain¬ 
fall  runoff  drainage  relief  and  serious  flooding  is  primarily 
due  to  tidal  overtopping  of  the  seawall.  A  tidal  overtopping 
flood  stage  frequency  relationship  was  estimated  for  subarea 
2A  based  on  reported  experienced  1978,  1979  and  1987  high 
water  levels  at  the  Police  Station  of  11.3,  8.5  and  8.6  feet 
NGVD,  respectively.  Start  of  significant  overtopping  was 
estimated  to  have  about  a  20  percent  (5-year)  annual  chance 
of  recurrence.  The  stage-frequency  relation  for  subarea  2B 
was  patterned  after  that  for  2A  except  it  was  about  2  feet 
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lover,  considering  Che  reported  1978  flood  level  (one  percent 
chance)  was  about  9.3  feet  NGVD,  start  of  overtopping  at 
about  20  percent  (3-year),  and  allowing  for  some  ponding  from 
interior  runoff  in  the  more  frequent  range. 

(3)  Zone  3:  Towle  Area,  Revere.  Zone  3  in  Revere 
is  the  westerly  extension  of  subarea  2B,  but  is  hydraulically 
separated  from  subarea  2B  by  the  Boston  &  Maine  (B&M)  Rail¬ 
road.  Drainage  in  this  area  is  easterly  towards  the  railroad 
and  then  north  along  the  railroad,  first  by  ditch  and  then 
conduit,  discharging  to  Diamond  Creek  and  thence  the  Pines 
River.  The  drain  is  equipped  with  a  tide  gate  at  its  point 
of  discharge  to  Diamond  Creek.  Minimum  ground  elevations  in 
the  zone  are  around  +3.5  feet  NGVD.  Drainage  from  the  area 
is  preempted  for  a  period  of  time  during  each  12-hour  tide 
cycle  and  flooding  is  generally  limited  to  interior  rainfall- 
runoff.  Assuming  the  tide  gate  functions  as  designed,  the 
area  is  considered  quite  free  of  tidal  flooding  until  tidal 
flood  levels  in  subarea  2B  exceed  the  level  of  the  B&M  Rail¬ 
road,  which  is  at  10  feet  NGVD.  This  would  not  occur  until 
around  the  0.2  percent  chance  (500-year)  event  according  to 
the  developed  frequency  relation  for  subarea  2B.  The  stage 
frequency  relation  for  zone  3  was  developed  allowing  for 
ponding  of  interior  runoff  (reported  ponding  in  1978  one  per¬ 
cent  chance  event  was  6+  feet  NGVD)  and  assuming  no  tidal 
flooding  until  the  railroad  is  overtopped  at  about  +10  feet 
NGVD  (0.2  percent  chance). 

(4)  Zone  4:  Meadowlands,  Revere.  Zone  4  is  that 
portion  of  the  Revere  Beach  peninsula  extending  approximately 
4,000  feet  north  of  Revere  Street  and  zone  2.  Subarea  4A  is 
between  Revere  Street  to  the  south  and  Oak  Island  Street  to 
the  north  and  is  bounded  on  the  west  and  east  by  North  Shore 
Road  and  Revere  Beach  Boulevard,  respectively.  Subarea  4B 
lies  west  of  4A  and  is  the  area  between  North  Shore  Road 

and  the  B&M  Railroad.  Subarea  4C  is  the  area  north  of  4A 
extending  about  2,000  feet  north  of  Oak  Island  Street  to  the 
old  narrow  gage  railroad  embankment,  bounded  on  the  east  by 
Revere  Beach  Boulevard  and  on  the  west  by  North  Shore  Road. 

An  existing  seawall  along  Revere  Beach  prevents  any  signifi¬ 
cant  tidal  wave  overtopping  into  zone  4  and  any  flooding  is 
due  mainly  to  interior  drainage  and  "back  door"  tidal  over¬ 
flow  from  the  Pines  River  and  its  tributary  -  Diamond  Creek. 
Drainage  from  subarea  4A  is  to  the  west  to  county  ditch, 
which  originates  in  zone  2  and  continues  west  beneath  the 
North  Shore  Road  to  subarea  4B.  Zone  4B  also  drains  to  the 
ditch,  on  its  westerly  course  beneath  the  B&M  Railroad  to 
Diamond  Creek.  Minimum  elevations  in  subareas  4A  and  4B  are 
only  about  +2.0  to  +3.0  feet  NGVD.  There  is  a  tide  gate  both 
at  North  Shore  Road  (4A  outlet)  and  at  the  B&M  Railroad  (4B 
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outlet).  As  was  the  case  in  zone  2,  drainage  from  zone  4  is 
preempted  during  the  high  tide  period  of  each  tide  cycle  and 
drainage  is  infiltrated  or  temporarily  ponded.  Drainage  from 
subarea  4C  is  to  the  north  where  it  seeps  beneath  the  North 
Shore  Road  to  the  Pines  River.  Minimum  elevations  in  subarea 
4C  are  -*-4  to  +5  feet  NGVD.  In  1978  tidal  wave  overtopping 
into  zone  2  flowed  into  zone  4  via  county  ditch  plus  there 
was  "backdoor"  overtopping  of  North  Shore  Road  from  the  Pines 
River.  As  a  result,  ponding  up  to  6  feet  deep  occurred  in 
subareas  4A  and  4B  and  remained  for  up  to  a  week  due  to 
clogged  or  limited  drainage  facilities.  Subarea  4C  did  not 
reportedly  receive  flows  from  zone  2  but  experienced  flooding 
by  Pines  River  overtopping  of  North  Shore  Road,  as  also 
occurred  in  1987.  Minimum  elevations  on  the  B&M  Railroad  are 
about  elevation  9.0  feet  NGVD,  where  as,  minimum  elevations 
on  North  Shore  Road  are  more  nearly  +7.0  to  +8.0  feet  NGVD. 
Reported  flood  elevations  in  subarea  4A,  used  for  estimating 
a  stage-frequency  relation,  were  ^8.2,  +5 . 5  and  +5.0  feet 
NGVD  in  1978,  1979  and  1987,  respectively.  Peak  elevations 
in  the  receiving  subarea  4B  were  believed  about  1.0  to  1.5 
feet  lower  than  4A.  Reported  1978  flood  levels  in  subarea  4C 
were  about  elevation  7.7  feet  NGVD,  representing  a  4-foot 
depth  of  flooding. 

It  is  noted,  as  it  was  for  zone  2,  that  a  tidal 
floodgate  project  at  the  mouth  of  the  Saugus  River  would  not 
be  operated  to  provide  continuous  gravity  drainage  from  low 
areas  in  zone  4  and  some  residual  local  drainage  problems,  in 
the  absence  of  tidal  overflows,  may  persist.  It  would  need 
to  be  stipulated,  as  a  part  of  local  assurances,  that  all 
existing  flap  gate  structures  outletting  to  the  Saugus  River 
estuary  be  maintained  in  good  operating  condition,  and  any, 
and  all,  proposed  new  developments  in  these  low  areas  be 
thoroughly  reviewed  with  regards  to  their  potential  impact  on 
both  drainage  problems  and/or  needs. 

( 5 )  Zone  5:  Riverside-Oak  Island  and  Vicinity, 
Revere .  Zone  5  is  the  remaining  portion  of  the  Revere  Beach 
Peninsula  lying  north  of  zone  4  and  outer  Oak  Island  and 
continuing  north  about  7,000  feet  to  the  mouth  of  the  Saugus 
River,  excluding  the  Point  of  Pines  project  area.  Subarea  5A 
is  the  predominantly  residential  Riverside  area  lying  between 
the  Pines  River  on  the  west  and  North  Shore  Road  on  the  east 
and  extending  about  3,500  feet  south  of  the  mouth  of  the 
Pines  River.  Subarea  5B  is  the  low  area  to  the  west  of 
Revere  Beach  Boulevard  and  to  the  east  of  North  Shore  Road. 
Subarea  5C  is  an  area  south  of  Riverside,  bounded  on  the  east 
by  North  Shore  Road  and  on  the  west  by  the  B&M  Railroad. 
Subarea  5D  is  the  periphery  of  Oak  Island  west  of  the  B&M 
Ra i 1  road  . 
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All  drainage  from  zone  S  is  west  to  the  Pines  River. 
Drainage  from  subarea  5A  is  mostly  west  to  the  Pines  River 
with  some  to  the  east  to  a  draw  flowing  south  along  the  east 
side  of  North  Shore  Road.  Drainage  from  subarea  5B  enters 
this  draw  as  it  continues  south  and  then  turns  west  across 
the  North  Shore  Road  where  it  outlets  to  the  Pines  River.  In 
addition  to  interior  drainage,  ocean  wave  overtopping  of  the 
ocean  seawall  in  reach  SB,  as  experienced  in  1978,  flows  west 
into  the  referenced  draw  and  ponding  area  along  North  Shore 
Road.  Start  of  seawall  wave  overtopping  in  reach  5B  has  been 
estimated  as  having  about  a  5  percent  annual  (20-year)  chance 
of  occurrence.  It  is  noted  that  the  drainage  divide  between 
5B  and  reach  4C  is  an  old  abandoned  railroad  embankment 
crossing  the  draw  between  North  Shore  Road  and  properties 
along  the  Boulevard. 

Drainage  from  subareas  5C  and  5D  is  directly  to  the 
receiving  Pines  River.  Minimum  ground  elevations  in  pres¬ 
ently  developed  areas  are  around  +7.0  feet  NGVD  and  minimum 
elevations  in  draws  and  ponding  areas  are  generally  +4.0  to 
+5.0  feet  NGVD.  Frequencies  of  flood  stages,  above  +7.0  feet 
NGVD  in  zone  5  were  considered  the  same  as  those  of  the  Pines 
River,  which  in  turn  were  the  same  as  the  developed  ocean 
Stillwater  tide  frequency  at  Boston. 

(6)  Zone  6:  Northgate  Area,  Revere.  Zone  6  is 
located  at  the  southern  end,  and  on  the  periphery,  of  the 
Pines  River  tidal  marsh  and  is  comprised  of  properties  east 
and  west  of  Brown  Circle  and  the  Salem  Turnpike.  Flood-prone 
properties  east  of  the  circle  are  mostly  residential.  The 
commercial  Northgate  Shopping  Center,  located  west  of  the 
circle,  is  generally  on  higher  ground  and  received  minor 
flooding  in  1978.  Minimum  ground  elevations  in  the  developed 
area  are  around  +7.0  feet  NGVD.  Reported  1978  flood  levels 
in  the  area,  averaged  about  10.7  feet  NGVD,  or  about  one-half 
foot  higher  than  the  Boston  Stillwater  level.  Whereas,  tide 
level  measurements  taken  as  part  of  this  study,  indicate  the 
lower  more  frequent  tides  are  about  one-half  foot  lower  than 
the  Boston  Stillwater.  The  adopted  stage-frequency  relation 
for  zone  6  was  patterned  after  the  Boston  curve  with  adjust¬ 
ment  in  the  upper  and  lower  ranges. 

(7)  Point  of  Pines .  See  paragraph  8c  of  this  appen¬ 
dix  and  the  OCE  approved  Detailed  Project  Report,  Point  of 
Pines,  Revere,  MA,  October  1984. 

d .  Flood  Plain  Zones  -  Lynn 

(1)  General.  The  flood  plain  in  Lynn,  fronting  on 
Lynn  Harbor  or  the  Saugus  River  estuary,  were  divided  into 
three  zones.  Limits  of  the  three  zones  are  shown  on 
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plate  3.  Following  are  brief  descriptions  of  the  three 
individualized ,  though  hydrologically  related,  flood  plain 
zones  in  Lynn. 

(2)  Zone  1:  Coastal  Area,  Lynn.  This  zone  is  that 
exposed  area  of  Lynn  fronting  on  the  ocean  (Lynn  Harbor). 

The  zone  has  about  9,000  feet  of  frontage  extending  from  the 
General  Edwards  Bridge  northward  to  Lynnway  Circle.  The  most 
exposed  frontage  is  in  the  first  5,000  feet  north  of  the 
bridge.  The  zone  1  flood  plain  is  generally  bounded  by  Lynn 
Harbor  on  the  south  and  east  and  extends  inland,  to  the  west, 
as  much  as  2,000  feet  and  beyond  the  Route  1A  highway.  Much 
of  the  area  has  served  in  the  past  as  a  drive-in  theater  and 
large  landfill  with  many  commercial  businesses  along  the 
Lynnway  (Route  1A).  A  large  commercial  development  is  pres¬ 
ently  planned  and  under  design  for  the  landfill  area.  Mini¬ 
mum  ground  elevations  in  the  area  are  about  +8.0  feet  NGVD. 
Drainage  is  to  the  east  and  southeast  to  Lynn  Harbor,  except 
there  is  a  trunkline  storm  drain  along  Lynnway  (Route  1A) 
draining  south  and  discharging  to  the  Saugus  River  at  the 
General  Edwards  Bridge.  In  addition,  there  is  a  main  75-inch 
trunkline  drain  along  Market  Street  near  the  northern  end  of 
zone  1,  which  drains  a  small  area  of  high  ground  around  Lynn 
Common.  Exact  details  of  whether  local  drainage  (the  area 
directly  adjacent  to  Lynn  Harbor)  connect  to  this  line  are 
unclear.  Detailed  investigation  of  this  area  would  be  under¬ 
taken  during  design  to  determine  if  modifications  to  existing 
drainage  system  would  be  required.  There  is  an  existing 
bulkhead  along  the  waterfront  for  about  three-quarters  of  the 
length  of  this  zone,  with  top  elevations  varying  from  10  to 

11  feet  NGVD.  Shallow  flooding  in  the  zone  can  result  from 
intense  rainfall-runoff  with  drainage  limited  by  storm  drain¬ 
age  facilities  and  high  tides  in  Lynn  Harbor.  However,  wide¬ 
spread  flooding  is  generally  the  result  of  abnormal  storm 
tides  and  accompanying  wave  overtopping,  such  as  was  experi¬ 
enced  during  the  blizzard  of  1978  and  the  storms  of  January 
1979  and  January  1987.  Reported  high  water  levels  in  the 
zone  averaged  12.4  and  10.1  feet  NGVD  for  the  1978  and  1979 
floods,  respectively.  These  flood  levels,  and  their  associ¬ 
ated  Boston  Stillwater  frequencies  were  used  as  guidance  in 
developing  the  adopted  stage-frequency  curve  for  this  zone. 

(3)  Zone  2:  General  Electric,  Lynn.  The  General 
Electric  area  in  Lynn  fronts  on  the  Saugus  River,  between 
properties  bordering  the  Lynnway  and  Western  Avenue  (Route 
107)  bridge,  and  extends  inland  about  one-half  mile.  The 
General  Electric  complex  covers  an  area  of  about  210  acres, 
consisting  mostly  of  industrial  buildings  and  paved  areas. 

The  storm  drainage  systems  discharge  south  to  the  Saugus 
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River.  Minimum  ground  elevations  in  the  area  are  generally 
between  +8  and  +  9  feet  NGVD.  Flooding  in  the  area  can  result 
from  intense  interior  ra inf a  1 1-runo f f  in  excess  of  drain 
capacity  particularly  when  drain  capacity  is  hydraulically 
impeded  or  preempted  by  high  tide  levels  in  the  receiving 
Saugus  River.  During  abnormal  storm  tides  the  area  can  also 
experience  flooding  directly  from  Saugus  River  and  Lynn  Har¬ 
bors  (zone  1)  overflow  and  storm  drain  backflow.  Reported 
high  water  levels  in  the  area  in  February  1978  averaged  about 
11.2  feet  NGVD .  The  adopted  stage-frequency  relation  for 
this  zone  was  developed  based  on  the  reported  1978  levels  in 
the  area  relative  to  the  computed  Boston  Stillwater  tide 
frequency  relation. 

(4)  Zone  3:  Saugus  River,  Lynn.  This  area  is 
located  along  the  left  bank  (north  side)  of  the  Saugus  River 
between  zone  2  and  the  Lynn  town  line.  Its  frontage  on  the 
river  extends  a  tortuous  distance  of  about  6,000  feet.  It  is 
developed  with  single  family  dwellings  and  some  commercial 
businesses.  All  storm  drains  in  the  area  discharge  south  to 
the  Saugus  River.  Tidal  flooding  is  generally  the  result  of 
storm  drain  backup,  during  storm  tides,  and  riverbank  over¬ 
flow.  Reported  high  water  levels  for  the  February  1978  and 
January  1979  events  averaged  10.2  and  9.3  feet  NGVD,  respec¬ 
tively.  These  elevations  approximate  the  experienced  Boston 
Stillwater  tide  level  and  the  Boston  Stillwater  stage-fre¬ 
quency  relation  was  adopted  for  this  zone. 
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e .  Flood  Plain  Zones  -  Saugus 


(1)  General .  The  flood  plain  zones  in  Saugus  are 
comprised  of  three  areas  adjacent  to  the  tidal  estuaries  of 
the  Saugus  and  Pines  Rivers*  The  three  identified  zones , 
though  adjacent  to  each  other,  are  separated  hydraulically 
by  road  embankments  Following  are  brief  descriptions  of  the 
three  zones  and  their  hydraulic  characteristics. 

(2)  Zone  1:  Saugus  River,  Saugus.  Zone  1  in  Saugus 
fronts  on  the  right  bank  of  the  Saugus  River  and  is  directly 
across  the  Saugus  River  from  zone  3  in  Lynn.  The  area  is 
mostly  residential,  single  family  dwellings,  with  some  com¬ 
mercial  businesses.  Storm  drainage  from  the  area  is  gener¬ 
ally  north  to  the  Saugus  River  and  hydraulic  capacity  is 
highly  dependent  on  tide  levels  in  the  Saugus  River.  Repor¬ 
ted  high  water  levels  in  February  1978  and  January  1979 
averaged  11.0  and  9.2  feet  NGVD,  respectively.  These  flood 
levels,  relative  to  the  computed  Boston  Stillwater  frequency 
relation,  were  used  in  estimating  a  flood  stage-frequency 
relation  for  this  zone. 

( 3 )  Zone  2:  Ballard  to  Bristow  Street,  Saugus. 

Zone  2  in  Saugus  is  that  area  located  west  of  the  Salem 
Turnpike,  extending  from  Ballard  Street  south  to  Bristow 
Street.  Storm  drainage  from  the  area  flows  first  east  and 
then  north  to,  and  beneath,  Ballard  Street,  outletting  to  the 
Saugus  River.  The  drain  culvert  beneath  Ballard  Street  is 
equipped  with  a  flap  gate.  The  tide  gate  prevents  tidal 
backflow  into  the  area  unless,  and  until,  tide  levels  exceed 
the  elevation  of  Ballard  Street.  The  low  point  elevation  of 
Ballard  Street  is  about  elevation  -•’7.8  feet  NGVD.  During 
periods  of  high  tide  all  interior  drainage  must  be  temporar¬ 
ily  ponded  in  the  low  areas  south  of  Ballard  Street.  Minimum 
ground  elevations  in  the  area  are  +4  feet  NGVD.  Tidal  flood¬ 
ing  in  the  area  is  generally  not  excessive  for  tide  levels  in 
the  Saugus  River  less  than  +8.0  feet  NGVD.  In  February  1978 
when  the  Saugus  River  was  about  10.3  feet  NGVD,  flood  levels 
in  the  area  were  reportedly  from  elevation  10.3  to  11.0  feet 
NGVD.  The  modifying  effects  of  the  flap  gate,  during  moder¬ 
ate  storm  tides,  the  controlling  elevation  of  Ballard  Street, 
the  experienced  1978  level,  and  peak  stage  frequencies  on  the 
Saugus  River  were  all  considerations  in  developing  the  esti¬ 
mated  stage  frequency  relation  for  zone  2  in  Saugus. 

(4)  Zone  3:  West  of  Bristow  Street,  Saugus.  Zone  3 
is  the  most  southwesterly  area  of  Saugus  fronting  on  the 
Pines  River  tidal  marsh.  The  reach  extends  from  Bristow 
Street  south  and  then  westerly  along  the  marsh  for  a  distance 
of  about  3,000  feet  to  nearly  Lincoln  Avenue.  The  average 
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elevation  of  the  marsh  is  about  5  to  6  feet  NGVD,  with  drain¬ 
age  ditches,  at  lower  elevations,  meandering  throughout. 
Lowest  elevations  in  zone  3  are  generally  between  +6.0  and 
7.0  feet  NGVD.  Zone  3  is  a  residential  area  of  about  125 
acres.  Most  of  the  storm  drainage  discharges  north  to  the 
Saugus  River  with  some  discharging  south  to  the  ditches  in 
the  Pines  River  marsh.  Drainage  of  zone  3  is  impeded  by  high 
tides  in  the  Saugus  River  as  well  as  the  tide  level  in  the 
marsh.  Temporary  ponding  occurs  in  low  areas  and  streets 
when  intense  rainfall  occurs  at  times  of  normal  high  tides. 
Major  flooding  is  caused  by  storm  tides  such  as  experienced 
in  the  February  1978  blizzard,  which  produced  high  water  ele¬ 
vations  surveyed  at  10.5  feet  NGVD.  Development  of  the 
stage-frequency  curve  for  this  area  was  more  complex  than  the 
other  two  zones  in  east  Saugus  due  to  its  dependence  not  only 
on  height  of  ocean  tide  but  also  on  duration  of  high  tide  and 
coincident  wind  direction  and  magnitude.  Two  curves,  repre¬ 
senting  threshold  limits,  were  developed  based  on  experienced 
1978  levels  and  field  observations  during  normal  high  tides 
in  the  Saugus  and  Pines  Rivers. 

8.  TIDAL  FLOOD  CONTROL 

a.  General.  Two  alternative  structural  plans  considered 

for  flood  control  and/or  flood  reduction  in  the  study  area 
were:  (1)  a  system  of  individual  local  protection  projects 

involving  dikes  and  walls  around  individual  localized  damage 
zones,  and  (2)  an  integrated  regional  plan  of  protection, 
providing  flood  reductions  at  several  damage  zones,  whose 
principal  component  would  be  a  tidal  gate  structure  at  the 
mouth  of  the  Saugus  River.  Both  the  local  protection  plans 
and  integrated  regional  plan  are  described  in  the  main  re¬ 
port.  Initial  studies  indicated  that,  of  the  two  plans,  the 
tidal  regional  floodgate  plan  had  widespread  public  support 
and  was  economically  and  engineer ingly  feasible.  Therefore, 
the  following  hydrologic  discussion  is  directed  principally 
at  a  regional  plan  of  flood  control.  The  Plan  Formulation 
Appendix  describes  criteria  and  alternative  alignments  used 
to  develop  the  local  protection  and  regional  plans. 

b.  Regional  Saugus  River  Floodgate  Plan.  A  Regional 
Saugus  River  Floodgate  Plan  (Figure  11)  would  include  the 
following  major  Corps  built  components: 

(1)  A  tidal  floodgate  across  the  mouth  of  the  Saugus 
River  with  gated  navigation  and  tidal  flow  passages. 

(2)  Connecting  dikes  and/or  walls  along  Lynn  Harbor 
in  Lynn  (fronting  zone  1,  Lynn). 
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FIGURE  II 


(3)  An  inland  park  dike  in  Revere  (fronting  zone  2A, 

Revere) . 

Additionally,  local  assurances  would  be  necessary  to  pre¬ 
serve  existing  locally  constructed  protective  works  along 
Revere  Beach,  as  well  as  preserving  interior  ponding  areas 
and  associated  flap  gates. 

The  regional  plan  would  provide  flood  protection  or 
reductions  (see  later  discussions  on  project  operation)  in 
the  three  flood  plain  zones  in  Lynn,  the  three  in  Saugus,  and 
in  zones  2  through  6  in  Revere.  The  Point  of  Pines  area  was 
also  added  late  in  the  study.  Tidal  flooding  in  zone  1  in 
Lynn  will  be  controlled  by  minimizing  or  eliminating  tidal 
overtopping  along  the  Lynn  Harbor  waterfront.  Residual 
flooding  would  be  limited  to  that  produced  by  interior  drain¬ 
age.  With  the  regional  plan  approximately  50  percent  of  this 
interior  area  would  be  permitted  to  drain  behind  the  flood¬ 
gate  structure  via  existing  storm  drains.  The  remainder  of 
the  area,  notably  the  northernmost  section  and  areas  directly 
adjacent  to  the  line  of  protection,  would  continue  to  experi¬ 
ence  shallow  temporary  ponding  in  the  event  of  high  storm 
tide  coincident  with  interior  runoff.  Tidal  flooding  in 
zones  2A ,  2B,  and  3A  in  Revere  would  be  controlled  by  mini¬ 
mizing  tidal  overtopping  at  zone  2A  and  any  residual  flooding 
would  be  limited  to  that  produced  by  interior  drainage. 

Flood  reductions  in  zone  1,  Revere,  attributable  to  the  re¬ 
gional  plan  by  eliminating  inflows  from  zone  2B,  would  be 
quite  limited.  As  part  of  plan  formulation  it  was  deemed  in¬ 
feasible  to  raise  existing  seawall  protection  along  zone  5B, 
Revere.  Therefore,  existing  tidal  overtopping  in  this  reach 
during  severe  storms  will  continue  and  allowance  for  such 
overtopping  will  be  necessary  in  establishing  interior  stor¬ 
age  capacity  requirements  in  the  estuary.  Allowance  will 
also  be  necessary  for  tidal  overtopping  at  Point  of  Pines, 
with  or  without  the  separable  Point  of  Pines  Local  Protection 
Project  (see  section  8c).  Gate  passages  at  a  Saugus  River 
floodgate  would  be  designed  and  operated  so  as  to  have  neg¬ 
ligible  effect  on  normal  tidal  flows  and  levels  in  the 
Saugus-Pines  River  estuary.  Only  during  abnormal  storm  tides 
would  the  tidal  floodgates  be  closed  for  regulating  interior 
tidal  levels  (see  discussion  under  project  operations). 

It  is  noted  that  the  Regional  Saugus  River  Floodgate 
Project  could  not  be  operated  to  provide  continuous  gravity 
drainage  for  those  low  areas,  where  interior  drainage  during 
normal  high  tides  is  presently  dependent  on  localized  ponding 
(zone  2  Saugus,  zones  2B,  3A,  4A,  and  4B  Revere),  and  some 
residual  local  drainage  problems,  in  the  absence  of  tidal 
flooding,  may  persist. 
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It  will  be  stipulated,  as  part  of  local  assurances,  that 
all  existing  flap  gate  structures  discharging  to  the  estuary 
be  maintained  in  good  operating  condition  and  any,  and  all, 
proposed  new  developments  in  these  low  areas  be  thoroughly 
reviewed  with  regards  to  their  potential  impact  on  both 
drainage  problems  and/or  needs.  Project  modified  flood  stage 
frequencies  for  the  different  zones  and  in  the  estuary  depend 
on  the  magnitude  of  residual  tidal  overtopping  and  interior 
storm  runoff  during  project  gate  closure.  Computational  pro¬ 
cedures  for  establishing  overtopping  are  reported  under  sec¬ 
tion  lie,  "Wave  Overtopping."  Section  9  contains  a  discus¬ 
sion  of  interior  runoff  design  considerations. 

c.  Point  of  Pines  Local  Protection  Project.  A  separate 
Point  of  Pines  Local  Protection  Project  has  been  increment- 
ally  optimized  by  NED  and  was  approved  by  OCE  on  24  June 
1985,  the  hydrologic  and  economic  justification  for  which  was 
presented  in  the  Detailed  Project  Report,  dated  October  1984. 
The  Division  Engineer  approved  the  inclusion  of  Point  of 
Pines  with  the  Regional  Plan.  Integration  of  the  approved 
Point  of  Pines  project  with  the  regional  floodgate  plan 
(alignments  1  and  2  -  see  Plan  Formulation  Appendix)  will 
affect  economies  to  both  projects.  A  section  of  the  Lynn 
protection  along  the  Saugus  River  as  well  as  portions  of  the 
wall  required  along  reaches  F  and  G  (near  the  Yacht  Club 
along  the  Saugus  River)  for  the  Point  of  Pines  Project  can  be 
eliminated.  However,  for  the  regional  plans,  a  revetment  or 
wall  would  be  required  in  reaches  E  and  F  of  Point  of  Pines, 
where  failure  of  the  sand  dunes  during  rare  events  exceeding 
about  a  1  percent  chance  could  threaten  the  structural  integ¬ 
rity  of  the  regional  floodgate  plan. 

As  the  decision  was  made  to  include  the  separable  Point 
of  Pines  Local  Protection  Project  into  the  Regional  Plan,  a 
review  of  the  previously  developed  and  approved  stage  fre¬ 
quency  curves  for  Point  of  Pines  (reference  Detailed  Project 
Report,  Point  of  Pines,  Revere,  MA,  October  1984  Appendix  A) 
was  considered  necessary.  From  indepth  coastal  studies  and 
modelling  conducted  by  Waterways  Experiment  Station  (refer¬ 
ence  Coastal  Flooding,  Roughans  Point,  Broad  Sound,  Lynn 
Harbor,  the  Saugus-Pines  River  System,  T.R.  CERC  86-8)  still- 
water  tidal  frequency  elevations  in  the  Saugus  River  have 
been  refined  and  modified.  This  modification  results  in  a 
change  in  previously  developed  elevation  frequencies  for  the 
northern  end  of  Point  of  Pines  (zone  4  -  see  plate  5).  Cur¬ 
rent  estimates  of  applicable  natural  Stillwater  elevations  in 
the  Saugus  River  adjacent  to  the  Point  of  Pines  area  together 
with  previously  developed  elevation  frequencies  at  zone  4 
follow. 


B- 57 


Percent  Chance 
of  Occurrence 


0.2 
1  .0 
10 
50 


Current 
Saugus  River 
Stillwater 
E levat  ion 
(ft,  NGVD ) 

1  1  .2 
10.3 
9.  1 
8.2 


Previous ly 
Developed 
Point  of  Pines 
DPR  Zone  4 
Elevation 
(ft,  NGVD) 

10.3 

9.2 

7.8 

7.0 


Because  of  the  discrepancies  in  flood  elevations,  as  can 
be  seen  above,  and  since  zone  4  is  affected  directly  by 
Stillwater  elevations  in  the  Saugus  River  a  review  of  this 
area  was  undertaken. 

Available  topographic  mapping  along  Rice  Avenue  (adjacent 
to  the  Saugus  River)  shows  that  although  Rice  Avenue  is  low 
(6  to  7  feet  NGVD),  a  concrete  wall  and  high  ground  eleva¬ 
tions  lie  between  Rice  Avenue  and  the  river.  Average  eleva¬ 
tions  along  the  wall  and  high  ground  are  approximately  8.5  to 
9  feet  NGVD.  Therefore,  with  a  Saugus  River  Stillwater  ele¬ 
vation  of  8.2  feet  NGVD  (2-year  frequency),  it  was  determined 
that  significant  overflow  into  zone  4  would  not  occur  and  the 
previously  developed  elevation  of  7.0  feet  NGVD  for  zone  4 
was  adopted.  With  increasing  storm  intensity  Saugus  River 
overflow  into  zone  4  would  begin  to  occur  together  with  over¬ 
topping  along  reaches  A  to  D.  It  is  estimated  that  the  one 
percent  chance  elevation  in  zone  4  would  approach  10  feet 
NGVD  or  that  of  zone  3.  Therefore,  the  existing  condition 
elevations  for  the  rarer  events  were  modified  slightly  from 
the  natural  condition  curves,  reported  in  the  Point  of  Pines 
DPR,  for  zone  4.  Recommended  revised  existing  condition 
elevation  frequencies  for  zone  4  are  shown  below. 
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As  requested  by  OCE ,  in  their  comment  on  the  DPR,  dated 
2  April  1985,  NED  conducted  a  review  of  overtopping  estimates 
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for  the  design  condition  presented  in  the  DPR  based  on  more 
detailed  tidal  information  and  WES  modelling  studies.  It  was 
determined,  based  on  updated  overtopping  volumes,  that  no 
significant  change  to  the  previously  developed  modified  and 
natural  stage  frequency  curves  for  zones  1  through  3  of  Point 
of  Pines  would  occur.  However,  by  constructing  a  tidal 
floodgate  at  alignments  1  or  2  the  receiving  Saugus  River 
elevation  at  the  north  end  of  Point  of  Pines  would  be  reduced 
for  storm  tides.  Therefore,  a  review  of  previously  developed 
modified  stage-frequency  curves  in  Point  of  Pines  was  made  to 
determine  any  effect  of  a  lower  Saugus  River  elevation.  The 
optimized  level  of  design  at  Point  of  Pines  presented  in  the 
DPR 1 s  H  &  H  Appendix  called  for  upgrading  or  constructing 
protective  works  along  reaches  A,  B,  C,  and  D.  This  would 
significantly  reduce  overtopping  at  the  1  percent  chance 
event;  however,  uncontrolled  overtopping  begins  occurring 
with  floods  in  excess  of  a  1  percent  chance.  The  previously 
developed  modified  interior  stage  frequency  curves  for  the 
Point  of  Pines  zones  are  considered  applicable  up  to  about 
the  1  percent  chance  event.  Up  to  this  point  the  lowered 
receiving  Saugus  River  elevation  would  have  little  impact  on 
interior  levels.  With  floods  exceeding  a  1  percent  chance, 
when  major  overtopping  begins,  the  lowered  tailwater  eleva¬ 
tion  would  provide  for  improved  drainage  throughout  the  area. 
Overtopping  waters  would  flow  from  south  to  north  along  the 
natural  drainage  course  in  Point  of  Pines  outletting  in  the 
Saugus  River.  With  th<"  lowered  Saugus  River  elevation  and 
the  wall  and  high  ground  along  Rice  Avenue  at  around  8.5  to 
9.0  feet  NGVD  the  estimated  modified  elevation  in  zones  3  and 
4  for  the  0.2  percent  chance  (500-year)  event  would  be  around 
10  to  10.5  feet  NGVD.  With  floods  exceeding  a  500-year  event 
it  is  not  expected  that  elevations  would  rise  much  over 
1 1+  feet  NGVD. 

In  zones  1  and  2  with  minimum  Lynnway  elevations  of  11.5 
to  13+  feet  NGVD  it  is  not  expected  that  there  would  be  any 
indicated  change  from  the  modified  curves  presented  in  the 
DPR. 


With  the  floodgate  at  alignments  1  or  2  and  walls  con¬ 
structed  or  upgraded  to  3  ieet  above  design  Stillwater  eleva¬ 
tion  from  the  floodgate  structure  along  reaches  E  and  F, 
overtopping  along  these  areas  would  be  prevented.  Therefore, 
under  this  condition,  hydraulics  of  the  interior  area  would 
be  modified  and  future  condition  zone  limits  would  be 
changed.  Modified  zone  limits  for  zones  2,  3,  and  4  for  the 
above  described  condition  are  shown  plate  5.  It  is  noted  for 
economic  purposes  that  Point  of  Pines  zones  1  through  4  have 
been  renamed  7A  through  7D,  respectively. 
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d.  Town  Line  Brook  -  Malden.  Town  Line  Brook  (see 
plate  1)  currently  has  flap  gates  on  its  outlet  to  the  estu¬ 
ary  beneath  Route  I;  therefore,  tidal  flooding  is  prevented, 
except  during  unusual  storm  events  when  some  shorefront  over¬ 
topping  occurs.  Flood  problems  are  caused  primarily  by 
interior  runoff  which  ponds  in  and  along  the  brook  during  a 
normal  high  tide  when  the  flap  gates  are  closed.  The 
Regional  Floodgate  Project  cannot  be  operated  to  enhance 
drainage  from  this  area  during  a  normal  high  tide.  Any 
improvement  to  the  existing  interior  drainage  problems 
attributable  to  the  Regional  Floodgate  Plan  would  not  be  sig¬ 
nificant. 

The  principal  benefit  of  the  Regional  Floodgate  Plan 
would  be  the  prevention  of  unusually  high  storm  tides  from 
overtopping  the  existing  shorefront  areas  thereby  decreasing 
flood  levels  within  the  interior  of  Town  Line  Brook. 

e.  Shute  Brook  -  Saugus.  The  flood  reduction  to  this 
area  attributable  to  the  Regional  Floodgate  Plan  would  be 
principally  limited  to  preventing  high  storm  tides  in  the 
lower  (tidal)  section  of  the  brook  below  Central  Street. 
Incidental  reductions  could  occur  further  upstream,  between 
Central  and  Vine  Streets,  during  the  infrequent  occurrence 
of  high  watershed  runoff  coincident  with  a  high  storm  tide. 

It  was  not  attempted  to  quantify  potential  reductions  for 
this  hydrologic  situation.  Flood  stages  upstream  along  Shute 
Brook  are  considered  a  function  of  the  hydraulic  characteris¬ 
tics  of  the  brook  channel  and  any  restrictions  to  flow  such 
as  undersized  culverts  or  bridges. 

9.  INTERIOR  RUNOFF  DURING  STORM  TIDES 

a.  General .  With  a  Regional  Saugus  River  Tidal  Flood¬ 
gate  Project,  probable  modified  flood  level  frequencies  in 
the  estuary  would  be  a  function  of  probable  volume  of  inflow 
during  periods  of  gate  closure  for  storm  tides.  Considera¬ 
tion  was  given  to  this  runoff  in  estimating  probable  modi¬ 
fied  interior  flood  level  frequencies.  However,  potential 
interior  runoff  during  storm  tides  was  also  considered  in 
assessing  project  design  capability  and  project  operating 
procedures . 

b .  "Probable  Interior  Runoff  Coincided  with-Storm 
Tides."  Methods  for  analyzing  coincident  interior  runoff 
frequencies  are  presented  in  Corps  of  Engineers  EC  1110-2-247 
"Hydraulic  Analysis  of  Interior  Areas"  dated  23  September 
1983.  If  the  occurrence  of  tidal  and  interior  storm  runoff 
events  were  completely  independent,  then  an  inflow  duration 
curve  (runoff  rate  versus  percent  of  time)  could  be  developed 
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and  this  curve  separated  into  a  series  of  percent  chance 
runoff  events,  i.e.,  ten  different  runoff  rates  for  each  10 
percent  time  duration.  The  10  different  runoff  rates  could 
then  be  used  to  compute  ten  different  resulting  interior 
storage  levels  and  these  levels  could  be  averaged  to  arrive 
at  the  most  probable  average  interior  storage  level.  For 
further  discussion  of  this  approach  reference  is  made  to  EC 
1110-2-247. 

The  above  method  is  most  applicable  to  the  analysis  of 
probable  coincidence  of  completely  independent  meteorological 
events.  However,  storm  tides  and  rainfall-runoff  are  not 
entirely  independent.  Storm  tides  are  generally  associated 
with  coastal  storms  and/or  hurricanes  with  accompanying  rain¬ 
fall.  Therefore,  it  would  be  expected  that  runoff-duration 
during  periods  of  storm  tides  would  be  somewhat  greater  than 
that  represented  by  the  normal  100  percent  of  time  runoff- 
duration.  An  adjusted  storm  tide  runoff-duration  curve  was 
developed  by  determining  recorded  runoff  rates  at  nearby 
gaged  streams  for  a  series  of  storm  tide  periods.  It  was 
found  that  runoff  (streamflow)  during  storm  tides,  on  aver¬ 
age,  was  about  8  times  greater  than  the  all  time  average  run¬ 
off  (streamf low) .  Comparative  flow  durations  for  the  gaged 
Old  Swamp  River  in  South  Weymouth,  Massachusetts  (D.A.  *  4.5 

square  miles)  for  100  percent  of  time  and  for  times  of  storm 
tides  are  shown  on  plate  4.  The  higher  storm  tide  flow  dura¬ 
tion  was  used  to  estimate  probable  streamflow  coincident  with 
storm  tides.  The  10  percent  of  time  storm  tide  flows  were 
applied,  by  a  drainage  area  ratio,  with  the  10  percent  chance 
Boston  tide  level.  Similarly  the  1  percent  of  time  storm 
tide  flow  was  applied  with  the  1  percent  chance  storm  tide  in 
computing  estimated  most  probable  coincident  interior  runoff 
and  resulting  probable  modified  interior  flood  level  frequen¬ 
cies. 

c.  Potential  Runoff  Coincident  with  Storm  Tides.  In 
addition  to  probable  interior  runoff,  potential  storm  runoff 
coincident  with  storm  tides  was  considered  for  establishing 
project  design  capability  and  project  operating  procedures. 

In  assessing  potential  runoff,  the  runoff  from  the  upper 
Saugus  River  Basin  above  tide  water  (25.7  square  miles)  was 
treated  as  one  component  and  local  runoff  from  the  lower  21 
square  miles  of  local  urban  areas  and  water  bodies  was 
treated  as  a  second  component,  with  total  inflow  to  the  estu¬ 
ary  being  the  sum  of  the  two  components  plus  any  residual 
tidal  overtopping.  In  selecting  a  potential  interior  runoff 
for  project  design  and  project  operating  procedure,  the 
severity  of  the  runoff  was  varied  in  proportion  to  the  sever¬ 
ity  of  project  design  tide.  For  a  0.2  percent  chance  (500 
year)  tide  design  a  coincident  2  percent  chance  design  peak 
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interior  runoff  rate  was  assumed.  Whereas,  for  a  1  percent 
chance  (100-year)  tide  a  10  percent  chance  peak  interior  run¬ 
off  was  assumed,  etc.  Further  discussions  of  the  application 
of  "potential"  interior  runoff  in  analyzing  interior  storage 
requirements  and  project  operations  is  presented  in  para- 
paragraphs  12b  -  "Design  Interior  Runoff  Criteria"  and  13  - 
"Project  Operation." 

10.  HYDROLOGIC  ANALYSIS  FOR  PROJECT  DESIGN  OPTIMIZATION 

Modified  interior  flood  stage  frequencies  were  developed 
for  each  flood  plain  damage  zone,  for  use  by  planners  in  com¬ 
puting  project  benefits  for  different  design  levels  of  pro¬ 
tection.  Average  annual  project  benefits  were  the  difference 
in  damages  between  preproject  natural  and  postproject  modi¬ 
fied  stage  frequencies  for  different  levels  of  design.  The 
modified  interior  flood  level  was  a  function  of  interior  run¬ 
off  into  storage  (the  higher  the  tide  the  longer  the  duration 
of  interior  runoff  into  storage),  plus  any  tidal  overtopping 
into  the  flood  plain  zone.  Modified  storage  level  frequen¬ 
cies  were  computed  using  "probable"  interior  runoff  and  start 
of  storage  was  assumed  at  elevation  7.0  feet  NGVD  average  in 
the  estuary  though  gate  closure  level  would  vary  depending  on 
forecasted  tide  level,  as  discussed  in  paragraph  13.  Start¬ 
ing  storage  in  the  tide  gated  areas  was  based  on  minimum 
ground  elevations  in  the  respective  areas. 

The  overall  optimum  project  design  level  was  sought  for 
all  nonseparable  components  of  the  regional  flood  control 
plan.  The  separable  Point  of  Pines  Local  Protection  Project 
was  incrementally  optimized  during  past  studies.  Hydrologic- 
ally  it  was  recommended  to  project  formulators  that  all  bene¬ 
fits  be  taken  at  100  percent  up  to  the  project  level  of 
design,  and  any  benefits  indicated  for  floods  in  excess  of 
project  design,  be  taken  at  50  percent,  generally  in  accor¬ 
dance  with  criteria  for  flood  damage  benefits  in  the  free¬ 
board  range,  presented  in  EP  1105-2-45,  "Economic  Considera¬ 
tions,"  dated  January  1982.  Modified  flood  stage  frequency 
curves  were  developed  for  each  flood  plain  zone  for  three 
alternative  project  levels  of  design:  1  percent  (100-year), 
0.2  percent  (500-year),  and  standard  project  northeaster  (see 
SPN  discussion  in  paragraph  11a).  A  representative  set  of 
natural  and  modified  flood  s t a ge- f r equenc ie s  are  shown  on 
plate  6.  Existing  and  modified  (SPN  Design  Level)  elevation 
frequency  data  for  all  zones  are  shown  in  table  17.  It  is 
noted  that  the  SPN  Design  Level  is  the  selected  plan. 
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1 1 .  TIDAL  HYDRAULICS 


a .  Standard  Project  northeaster  (SPN)-Tide  Level. 
Previous  analysis  conducted  during  the  feasibility  investi¬ 
gation  for  the  adjacent  Roughans  Point  project  resulted  in  an 
estimated  ocean  Stillwater  tide  level  of  13.0  feet  NGVD  for 
the  SPN.  OCE  approved  use  of  this  estimated  value  pending 
formal  development  of  the  SPN  tide  level  (reference:  DAEN- 
CWE-H,  17  November  1980,  1st  Ind,  "Hydrologic  Criteria  - 
Revere,  Massachusetts  Coastal  Flood  Protection").  During  a 
subsequent  meeting  between  NED,  WES,  and  OCE  it  was  agreed 
that  a  less  formal  analysis  of  the  SPN  would  be  conducted  by 
WES  for  use  in  the  Revere  area  along  with  physical  and  mathe¬ 
matical  modelling  of  wave  overtopping  at  Roughans  Point 
(reference:  DAEN-CWH-Y ,  5  March  1984,  1st  Ind  and  NEDED-WQ, 

11  April  1984,  2nd  Ind,  "Hydrologic  Criteria  -  Roughans  Point 
Coastal  Flood  Protection,  Revere,  Massachusetts").  The  fol¬ 
lowing  presents  a  discussion  of  the  WES  evaluation  of  the 
Standard  Project  Northeaster  Tide  Level. 

The  Standard  Project  Northeaster  (SPN)  definition  can  be 
determined  from  the  definition  for  the  Standard  Project  Storm 
(EM  1110-2-1411)  as  the  northeaster  which  results  from  the 
"most  severe  combinations  of  meteorologic  and  tidal  condi¬ 
tions  that  are  considered  reasonably  characteristic  of  the 
geographical  region  involved,  excluding  extremely  rare  combi¬ 
nations."  For  this  report  two  processes  are  important  in 
considering  the  specification  of  an  SPN,  Stillwater  level  and 
wave  overtopping.  It  is  possible  that  a  separate  SPN  would 
have  to  be  defined  for  each  process.  The  SPN  which  would 
produce  the  highest  ocean  Stillwater  level  might  not  produce 
the  highest  waves  in  the  study  area  and  therefore,  not  the 
highest  overtopping  rates. 

The  SPN  Stillwater  level  was  estimated  to  be  13.0  feet, 
NGVD  in  NED's  feasibility  studies  by  adding  together  the 
maximum  surge  recorded  at  Boston,  about  5  feet,  and  the  maxi¬ 
mum  predicted  astronomic  tide,  7.5  feet,  NGVD,  and  then 
rounding  up  to  the  next  foot  of  elevation.  This  resulted  in 
a  Stillwater  ocean  elevation  which  was  almost  3  feet  higher 
than  the  maximum  ever  recorded  at  the  Boston  gage.  Given  the 
unlikely  event  that  a  tide  with  a  maximum  elevation  near  the 
maximum  predicted  astronomic  tide  were  to  occur  sometime  dur¬ 
ing  the  maximum  surge-producing  northeaster,  the  probability 
that  the  hour  of  maximum  surge  (using  hour  increments)  would 
occur  at  the  hour  of  maximum  tide  is  only  1/24  (assuming  a 
semidiurnal  tide  with  unequal  highs).  Consequently,  this 
combination  might  fall  under  the  "excluding  extremely  rare" 
clause  in  the  definition  of  the  SPN.  A  better  specification 
of  the  SPN  Stillwater  level  might  be  closer  to  12.0  feet, 
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NGVD.  Therefore,  for  purpose  of  this  report,  s  revised  SPN 
Stillwater  tide  level  of  12  feet,  NGVD  has  been  adopted. 


b.  Policy  on  Design  Level  of  Protection.  The  criteria 
used  in  establishing  top  elevation  of  coastal  protection  and 
determining  degree  of  flood  protection  in  the  Saugus  River 
and  Tributaries  Study  is  as  follows: 

( 1 )  Protection  Not  Designed  to  Withstand  Wave  Over¬ 
topping  (Sand  Dune»,  Earthen  Dikes,  Etc.) 

(a)  The  height  of  protection  and  its  integrity 
will  be  such  that  no  wave  overtopping  will  occur  during  the 
design  flood.  The  top  elevation  of  protection  will  be  set 
one  foot  above  the  maximum  runup  (due  to  one  percent  chance 
wave,  H|)  as  measured  from  design  Stillwater  level.  At  a 
minimum,  the  height  of  protection  will  be  3  feet  above  design 
Stillwater  level. 

(b)  In  assessing  project  benefits,  the  protec¬ 
tion  will  be  considered  fully  effective  up  to  the  design 
flood  and  will  be  considered  50  percent  effective  for  floods 
exceeding  the  design  flood  until  any  wave  overtopping  begins. 
When  significantly  overtopped  the  project  is  assumed  ineffec¬ 
tive. 


( 2 )  Protection  Designed  to  Withstand  Wave  Over¬ 
topping  (Concrete  Walls,  Fully  Riprapped  Dikes,  Etc.) 

(a)  In  the  absence  of  interior  drainage  im¬ 
provements  (pumping,  etc.),  the  height  of  protection  will  be 
set  at  the  level  of  significant  runup  (due  to  the  significant 
wave,  H  or  H  )  as  measured  from  design  Stillwater  level.  A 
lower  height  o?  protection  may  be  used  if  interior  drainage 
improvements  are  included  to  provide  full  protection  up  to 
the  design  flood  event.  In  no  case  shall  the  top  elevation 
of  protection  be  less  than  2  feet  above  design  Stillwater 
level.  Wave  overtopping  for  events  exceeding  the  design 
flood  will  be  included  in  residual  interior  flood  analysis. 

(b)  In  assessing  project  benefits,  the  protec¬ 
tion  will  be  considered  fully  effective  up  to  the  design 
flood  and,  in  the  absence  of  detailed  analysis  or  a  physical 
model,  will  be  considered  50  percent  effective  for  floods 
exceeding  the  design  flood  until  the  structure  is  overtopped 
by  the  Stillwater  level,  after  which  the  project  is  assumed 
ineffective. 

(3)  Height  Allowance  for  Uncertainty.  It  is  normal 
engineering  practice  to  include  a  minimum  height  allowance 
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above  design  Stillwater  level  in  the  design  of  any  flood 
protection  project.  This  allowance  is  included  to  account 
for  uncertainty  in  determining  design  conditions.  The  ocean 
is  a  fierce  adversary  with  wind,  surge,  and  wave  conditions 
varying  from  point  to  point  along  the  coast.  There  is  an 
inherent  uncertainty  in  determining  the  exact  magnitudes  of 
the  design  water  level.  Additionally,  sea  level  has  histor¬ 
ically  been  rising  at  a  rate  of  about  1-foot  per  century. 

Some  experts  have  recently  predicted  an  accelerated  increase 
in  sea  level  in  the  future.  This  introduces  additional  un¬ 
certainty  in  defining  design  conditions.  It  is  felt  that 
prudent  engineering  dictates  a  minimum  allowance  of  2  feet  to 
account  for  uncertainty  in  the  design  of  protection  which  can 
accommodate  some  wave  overtopping.  Where  the  protection  is 
not  designed  for  wave  overtopping,  this  minimum  allowance 
should  be  increased  to  3  feet. 

(4)  Operational  Considerations.  In  the  case  of  the 
floodgate  proposed  for  the  mouth  of  the  Saugus  River,  it  is 
important  to  realize  that  the  crest  of  the  structure  should 
be  set  high  enough  above  design  Stillwater  to  assure  trouble- 
free  operation  of  gate  hoisting  mechanisms.  For  typical 
severe  wave  conditions  at  the  structure  (H  *2.4  feet,  T  *2.9 
sec),  slightly  over  3  feet  of  wave  runup  would  be  expected 
(see  section  lid).  Therefore,  some  degree  of  spray  overtop¬ 
ping  may  occur  but  it  should  not  be  of  great  enough  magnitude 
to  adversely  affect  project  operation. 


(5)  FEMA  Criteria.  Although  not  directly  applic¬ 
able  to  Corps  of  Engineers  projects,  it  is  useful  to  examine 
the  criteria  used  by  the  Federal  Emergency  Management  Agency 
(FEMA)  in  determining  if  a  flood  protection  project  is  con¬ 
sidered  effective  for  flood  insurance  purposes.  FEMA  cri¬ 
teria  (CFR,  Vol  51,  No.  60,  28  March  1986)  states  that:  "for 
coastal  levees,  the  freeboard  must  be  established  at  one  foot 
above  the  height  of  the  one  percent  wave  or  the  maximum  wave 
runup  (whichever  is  greater)  associated  with  the  100-year 
Stillwater  surge  elevation  at  the  site."  Their  criteria  goes 
on  to  say  that  occasionally  an  engineering  analysis  relating 
to  uncertainty,  wave  attack  and  overtopping  may  justify  an 
exception.  However,  "under  no  circumstances.  .  .will  a  free¬ 
board  of  less  than  2  feet  above  the  100-year  Stillwater  ele¬ 
vation  be  accepted."  It  is  felt  that  the  2-foot  minimum 
freeboard  criteria  as  proposed  by  FEMA  is  a  reasonable  abso¬ 
lute  minimum  in  the  coastal  zone. 

c.  Wave  Height.  A  steady-state,  shallow  water,  direc¬ 
tional-spectral  wave  model  (ESCUBED)  was  previously  used  in 
studies  for  the  adjacent  Roughans  Point  project  to  simulate 
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waves  in  the  Broad  Sound  area  (Technical  Report  CERC-86-8). 
For  each  of  50  randomly  selected  storm  events  (surge  plus 
tide)  with  maximum  water  levels  ranging  from  7.9  to  11.2 
feet,  NGVD,  the  wave  climate  in  a  25. 9-square  mile  area  of 
Broad  Sound  was  simulated  for  each  hour  when  the  Stillwater 
level  was  above  7.0  feet  NGVD.  D i rec t iona 1-s pec t ra 1  wave 
train  characteristics  from  the  Wave  Information  Study  (WIS 
Report  9)  were  used  along  the  eastern  boundary  to  drive  the 
mode  1 . 

Resulting  wave  heights  in  the  lee  of  Nahant  Peninsula 
indicated  that  local  wave  generation  in  this  area  was  inade¬ 
quately  simulated  by  ESCUBED.  Hence,  an  additional  analysis 
was  required  when  winds  were  from  the  northeast.  Shallow 
water  wave  growth  equations  were  used  to  estimate  locally 
generated  wave  heights  and  periods  off  the  north  seawall  at 
Roughans  Point  as  well  as  at  Point  of  Pines  and  in  Lynn  Har¬ 
bor.  The  total  wave  climate  in  these  regions  was  assumed  to 
be  a  combination  of  these  locally  generated  waves  and  ESCUBED 
results. 

It  is  important  to  note  that  no  wave  data  collected  from 
Broad  Sound  were  available.  Hence,  it  was  not  possible  to 
calibrate  ESCUBED  or  to  verify  its  results.  However,  it  is 
the  best  information  available  at  the  present  time. 


Table  18  is  a  summary  of  the  wave  heights,  periods,  and 
directions  from  the  ESCUBED  modeling  for  several  locations 
from  Roughans  Point  up  along  Revere  Beach  to  Point  of  Pines. 
These  locations  are  marked  1  through  9  in  figure  12. 

Table  19  is  a  summary  of  the  locally  generated  waves  which 
were  estimated  using  previously  discussed  Boston  wind  data. 
These  areas  are  marked  A  through  E  in  figure  13.  These  two 
tables  are  provided  to  demonstrate  the  range  of  wave  para¬ 
meters  generated  by  the  models.  Waves  were  modeled  only 
during  periods  of  possible  overtopping  at  Roughans  Point 
(water  levels  above  7.0  feet  NGVD)  during  northeaster  condi¬ 
tions.  The  average  values  shown  do  not  take  into  account  the 
varying  probabilities  of  the  surge-tide-wave  events. 


B-66 


TABLE  18 

SUMMARY  OF  ESCUBED  WAVE  PARAMETER  RESULTS 

Direction,  Deg 


Location* 

Hei 

Sht , 

Ft** 

Period , 

Sec 

From 

North 

Min . 

Avg. 

Max . 

Min . 

Avg 

Max . 

Min.  A 

v8- 

Max . 

1 

0.5 

5.9 

9.6 

1.9 

9.3 

14.3 

30 

92 

97 

2 

0.2 

1.9 

3.4 

1.7 

7.9 

14.3 

** 

** 

** 

3 

0.4 

5.4 

9.5 

1.9 

8.9 

14.3 

31 

91 

103 

4 

0.2 

3.9 

8.7 

1.7 

9.  1 

14.3 

34 

109 

1  1  1 

5 

0.2 

5.1 

9.6 

2.0 

9.1 

14.3 

100 

1  14 

149 

6 

0.2 

4.5 

9.1 

2.0 

9.  1 

14.3 

100 

122 

149 

7 

0.2 

3.4 

8.0 

2.0 

9.1 

14.3 

100 

130 

149 

8 

0.2 

1.8 

4.3 

2.0 

9.  1 

14.3 

100 

145 

149 

9 

0.2 

0.2 

0.3 

1.9 

3.8 

4.3 

100 

141 

1  50 

Notes:  *Refer  to  figure  13  for  locations. 

**Wave  height  for  the  north  wall  at  Roughans  Point 
was  calculated  from  the  two  direction  bands  (70 
and  50  deg)  which  were  the  closest  to  perpendicu¬ 
lar  to  the  north  wall.  No  direction  was  calcu¬ 
lated  for  these  waves. 


TABLE  19 

SUMMARY  OF  LOCALLY  GENERATED  WAVE  RESULTS 


Height,  Ft***  Period,  Sec 


Direction,  Deg 
From  North 


Location* 

Min . 

Avg . 

Max . 

Min . 

Avg. 

Max . 

Min . 

Avg . 

Max . 

A 

0.3 

1.8 

3.7 

1.2 

2.3 

3.3 

0.0 

31.4 

67.5 

B 

0. 1 

1  .  1 

2.4 

0.6 

1.6 

2.9 

0.0 

41.0 

202.5 

C 

0.4 

1.3 

2  .4 

1.2 

1.9 

3.0 

67.5 

84.3 

225.0 

D 

0.3 

1.2 

2.4 

1  .  1 

1.8 

3.0 

67.5 

84.6 

225.0 

E 

0.3 

1  .0 

2.4 

1.0 

1.6 

3.0 

67.5 

84.3 

225.0 

Notes:  *Refer  to  figure  12  for  location. 

**H 

***nmo 


d.  Wave  Runup.  Wave  runup  estimates  were  developed 
using  the  Corps  Shore  Protection  Manual  (1984)  for  the  pro¬ 
posed  structures  to  be  constructed  as  part  of  the  Corps  proj¬ 
ect.  In  addition,  runup  values  were  determined  for  the 
existing  coastal  flood  protection  structures  that  will  not  be 
modified  as  part  of  this  project  along  Revere  Beach  (these 
structures  are  described  in  the  Main  Report).  In  general, 
any  runup  height  greatly  exceeding  top  of  the  structure 
constitutes  a  significant  overtopping  condition,  which  could 
eventually  flow  into  the  backshore  areas  and  into  the  tidal 
estuary.  Estimates  of  wave  heights  described  in  the  previous 
section  have  been  used  or  modified  slightly  based  on  local 
conditions  to  determine  wave  runup;  results  for  three  differ¬ 
ent  design  conditions  (100-year,  500-year  and  SPN)  are  pre¬ 
sented  in  tables  20  through  22.  Locations  of  the  areas  eval¬ 
uated  are  shown  in  plate  10.  In  general,  proposed  structure 
configuration  and  the  associated  runup  values  remain  the  same 
for  both  the  LPP  option  and  regional  plan  option,  with  the 
exceptions  being  reaches  C5  and  D  of  the  Revere  Beach  area 
where  height  of  the  wall  had  to  be  raised  to  further  reduce 
overtopping  for  the  LPP  option. 

It  should  be  noted  that  wave  runup  values  had  previously 
been  developed  in  the  Point  of  Pines  area  as  part  of  the  OCE 
approved  Point  of  Pines  Flood  Protection  DPR,  dated  October 
1984.  However,  as  a  result  of  the  more  comprehensive  study 
of  waves  and  overtopping  phenomena  associated  with  seawalls 
and  revetments  undertaken  as  part  of  the  WES  reports  on 
Coastal  Flooding  at  Roughans  Point  in  September  1986,  a  re- 
evaluation  of  runup  and  overtopping  quantities  using  revised 
information  was  recommended.  Runup  values  for  this  area  are 
shown  for  the  modified  conditions  as  described  in  the  DPR. 

For  the  Revere  Beach  area,  it  was  assumed  that  the  beach  con¬ 
figuration  as  it  exists  now  would  be  the  future  condition, 
even  though  the  proposed  Revere  restoration  project  would 
significantly  reduce  the  height  of  runup  during  frequent 
storms  if  the  beach  is  properly  maintained.  Proposed  design 
model  studies  of  the  beach  are  discussed  in  the  Design  anvi 
Cost  Appendix.  For  the  Revere  Beach  area,  local  assurances 
should  be  obtained  to  maintain,  as  a  minimum,  conditions  as 
they  exist  along  the  non-Corps  constructed  areas  (this  is 
further  discussed  in  the  Plan  Formulation  Appendix). 

e.  Wave  Overtopping.  Estimates  of  wave  overtopping 

were  computed  for  the  coastal  project  area  from  the  south  end 
of  Revere  Beach  (reach  A)  to  the  north  end  of  the  Lynn  bulk¬ 
head  and  the  results  for  three  different  design  conditions 
(100-year,  500-year  and  SPN  with  associated  maximum  storm 
tide  levels  of  10.3,  11.2  and  12.0  feet.  NGVD)  for  the  re¬ 

gional  plan  option  are  shown  in  tables  20  to  22.  In  general, 
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overtopping  of  coastal  flood  protection  structures  are  the 
same  for  both  the  LPP  and  regional  plan  options;  with  the 
exceptions  being  reaches  C5  and  D  in  the  Revere  Beach  area 
where  higher  walls  are  needed  in  the  LPP  to  reduce  overtop¬ 
ping  volumes.  For  the  regional  plan,  allowance  for  storage 
of  all  overtopping  within  the  estuary  has  been  made. 

The  Shore  Protection  Manual  was  used  to  develop  wave 
overtopping  volumes  for  the  entire  length  of  Revere  Beach. 
Overtopping  relationships  developed  as  part  of  the  VES 
reports  on  coastal  flooding  at  Roughans  Point  in  September 
1986,  were  used  to  estimate  overtopping  for  the  remaining 
areas.  The  reason  is  that  no  structures  along  Revere  Beach 
are  representative  of  those  used  in  the  VES  model. 

Using  the  procedure  presented  in  Section  7. II. 2  of  the 
Shore  Protection  Manual,  average  rates  of  irregular  wave 
overtopping  were  computed  for  Revere  Beach  for  various  still- 
water  tide  levels,  thus  allowing  for  development  of  rating 
curves  of  tide  levels  versus  overtopping  rates.  A  maximum 
northeast  wind  of  about  60  mph  was  assumed  to  be  occurring 
during  the  period  of  overtopping.  Tide  stage  hydrographs 
having  selected  maximum  Stillwater  tide  heights  were  then 
developed  by  appropriate  adjustment  of  the  tide  hydrograph 
observed  for  7  February  1978  which  occurred  during  the  great 
northeaster  of  6  and  7  February  1978.  Combining  this  infor¬ 
mation,  wave  overtopping  hydrographs  for  these  tidal  floods 
were  then  developed  for  use  in  determining  the  interior  flood 
levels.  Overtopping  hydrographs  were  developed  for  the 
existing  conditions,  which  are  assumed  to  remain  the  same 
with  the  project  in  place.  Reaches  A  and  most  of  C  for  the 
Revere  Beach  area  did  not  have  any  significant  overtopping. 
Although  reach  B  of  Revere  Beach  shows  significant  overtop¬ 
ping,  an  interior  parkland  dike  is  planned  to  prevent  flood- 
waters  from  flowing  inland.  Heights  of  the  interior  dike  are 
estimated  at  21,  22,  and  23  feet  for  the  100  and  500-year  and 
SPN  design  events,  respectively.  Overtopping  volumes  ponding 
on  Revere  Beach  Boulevard  will  be  returned  to  the  ocean  as 
high  tidal  flood  waters  recede. 

Reaches  C5  and  D  will  also  be  overtopped  by  waves. 
Floodwaters  will  flow  in  a  westerly  direction  past  the  beach¬ 
front  houses  into  the  estuary  where  they  will  be  temporarily 
stored  as  part  of  the  storage  capability  of  the  regional 
flood  plan.  Under  the  local  protection  plan  option,  there 
will  be  insufficient  storage  capability  in  this  area  to 
safely  contain  floodwaters  for  any  substantial  storm;  there¬ 
fore,  the  wall  in  reaches  C5  and  D  will  have  to  be  modified 
for  the  design  condition. 
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Although  overtopping  was  previously  computed  for  the 
Point  of  Pines  area  in  the  1984  DPR,  it  was  decided  to  use 
WES  overtopping  relationships  determined  as  part  of  the 
Roughans  Point  Study,  since  they  not  only  provided  a  more 
accurate  representation  of  the  random  wave  climate  at  Point 
of  Pines,  but  also  were  able  to  more  closely  represent  the 
physical  processes  associated  with  overtopping  of  the  shore 
front  structures.  The  WES  overtopping  relationship  is  pre¬ 
sented  below: 

Q  -  Q  C.F' 
x  xo  e  1 

Where:  Q  M  flowrate 

Cj  m  a  dimensionless  coefficient 

Qq  *  a  coefficient  with  the  same  units  as  Q 

F '  ■  dimensionless  relative  freeboard  term  which  is 

equal  to: 

F'  -  F _ 

(Hmo2  Lp)1/3 

Where:  F  ■  freeboard,  the  difference  between  crest  height 

of  the  shore  front  structure  and  the  local  Stillwater  level 

Hmo*  zero  moment  wave  height 

Lp  ■  wave  length 


Overtopping  estimates  for  the  floodgate  and  Lynn  bulk¬ 
head  portions  of  the  project  were  also  developed  using  WES 
methodology.  As  noted,  heights  of  the  proposed  structures 
were  determined  so  that  essentially  no  overtopping  would 
occur  up  to  the  design  condition  (for  Hg  or  Hmo). 

Due  to  influence  of  the  Point  of  Pines  area,  the  total 
volume  flowing  into  the  estuary  will  be  dependent  upon  loca¬ 
tion  of  the  floodgate.  There  will  be  slightly  more  overtop¬ 
ping  for  floodgate  alignments  1  and  2  than  for  alignments  3 
to  5  since  overtopping  from  Point  of  Pines  reaching  the 
estuary  with  the  latter  alignments  is  impeded  by  the  amount 
of  water  that  can  flow  over  the  Lynnway.  Alignment  alterna¬ 
tives  are  presented  in  the  Plan  Formulation  Appendix. 

It  should  be  recognized  that  due  to  the  large  number  of 
options  and  alignments  considered  by  planners  in  the  formula- 
lation  process  that  refined  analysis  of  all  features  was  not 
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possible  aC  this  stage.  However,  sufficient  detail  has  been 
included  to  allow  planners  to  determine  project  feasbility 
and  justification.  It  is  expected  that  more  refined  analysis 
of  all  features  of  the  selected  project  (in  consultation  with 
WES)  will  be  accomplished  during  detailed  design  investiga¬ 
tions. 


f .  Design  of  Saugus  River  Tidal  Floodgate 

(1)  Normal  Tidal  Currents.  On  16  April  1987,  cur¬ 
rent  measurements  were  made  for  a  mean  spring  tide  range  con¬ 
dition  over  the  course  of  a  full  tide  cycle  (from  low  to  high 
to  low  tide)  on  the  downstream  side  of  the  General  Edwards 
Bridge.  During  the  day,  concurrent  measurements  were  made  at 
eleven  stations  across  the  width  of  the  bridge  at  one-half 
hour  increments  and  the  results  are  summarized  in  table  23. 
Between  each  bay  of  the  bridge,  velocities  were  measured  at 
0.2  and  0.8  percent  of  depth  and  the  results  were  then  aver¬ 
aged.  The  maximum  local  velocity  in  an  individual  bay  for 
both  ebb  and  flood  conditions  was  2.44  fps  (1.4  knots)  and 
the  average  velocity  during  peak  discharge  condition  was  1.78 
fps  (1.1  knots).  Plan  views  of  the  instantaneous  currents 
for  flood  and  ebb  flow  conditions  across  the  width  of  the 
bridge  during  times  of  peak  discharge  are  shown  in  figures  13 
and  14.  In  general,  higher  velocities  occurred  in  the  middle 
bays  of  the  bridge  where  the  deeper  channels  are  located, 
since  bottom  friction  effects  are  reduced  with  increasing 
depth . 


On  closer  inspection  of  the  data,  it  was  also  noted 
that  velocities  tended  to  be  higher  on  the  Revere  side  during 
incoming  tide  and  on  the  Lynn  side  during  outgoing  tide. 

This  appears  to  be  caused  by  the  fact  that  a  larger  tidal 
volume  is  exchanged  from  the  Pines  River  than  the  Saugus 
River,  i.e.,  momentum  of  the  tidal  movement  at  the  General 
Edwards  Bridge  is  dominated  by  the  north-south  movement  of 
the  larger  interchange  volume  of  the  Pines  River  than  the 
east-west  movement  of  the  smaller  interchange  volume  of  the 
Saugus  River.  During  the  Project  Engineering  and  Design 
phases,  additional  field  data  collection  and  a  two-dimen¬ 
sional  model  will  be  developed  to  verify  this  condition. 
Background  on  future  model  studies  is  included  in  Addendum  II 
of  this  appendix. 

(2)  Design  of  Gated  Openings.  There  are  several 
objectives  which  govern  the  selection  of  opening  sizes  for 
the  Saugus  River  tidal  floodgate:  (a)  passage  of  commercial 
and  recreational  navigation  vessels  must  not  be  significantly 
impacted,  (b)  astronomic  tide  levels  in  the  Saugus  and  Pines 
Rivers  tidal  wetlands  should  not  be  significantly  altered, 

(c)  present  normal  tidal  flushing  of  the  estuary  should  not 
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be  appreciably  disturbed,  (d)  passage  of  fish  and  other  bio¬ 
logical  organisms  should  not  be  measurably  impeded,  and  (e) 
normal  discharge  of  freshwater  flows  will  not  be  hindered. 

It  was  determined  that  the  navigation  objective  was  the 
critical  criteria.  Meeting  the  navigation  objective  should 
generally  fulfill  all  other  objectives. 

Discussion  with  various  sources  including  represent¬ 
atives  of  VES,  Cape  Cod  Canal,  etc.,  indicates  generally  that 
if  velocities  are  kept  below  about  3  knots  (5.1  fps)  no  sig¬ 
nificant  impacts  to  navigation  will  occur.  A  local  harbor 
master  and  mariners  have  indicated  that  there  are  navigation 
problems  at  the  General  Edwards  Bridge  associated  with  both 
pleasure  and  commercial  craft  at  the  present  time.  Recrea¬ 
tional  boats  attempting  to  dock  at  a  yacht  club  near  the 
bridge  are  hindered  by  fast  moving  currents  near  the  mouth  of 
the  river.  Commercial  craft  must  speedup  to  maintain  steer¬ 
age  near  the  General  Edwards  Bridge.  Navigation  problems 
near  the  bridge  may  be  due  to  eddys  or  cross  currents  caused 
by  the  wide  and  blunt-faced  bridge  piers.  This  points  out 
the  fact  that  current  direction  and  speed  are  important  to 
navigation.  Future  design  investigations  will  address  local 
current  speed  and  direction  which  is  beyond  the  scope  of  this 
planning  effort.  Some  mariners  have  indicated  that  3  knot 
(5.1  fps)  currents  should  not  pose  a  problem  to  either  recre¬ 
ational  or  commercial  craft  if  added  dangerous  eddys  and 
cross  currents  are  not  created.  As  measured,  present  cross 
sectional  average  velocity  at  the  General  Edwards  Bridge  is 
about  one  knot  during  mean  spring  tidal  conditions,  with 
maximum  local  velocity  at  the  channel  center  being  about 
1 . 4  knots . 


Velocities  under  proposed  conditions  were  evaluated 
with  the  consideration  that  3  knots  would  be  the  maximum 
velocity  allowed,  although  ideal  conditions  would  be  not  to 
change  the  maximum  velocity  from  that  which  exists  now.  In 
an  effort  to  show  the  sensitivity  of  velocity  to  gate  opening 
and  tidal  condition,  several  "schemes"  were  analyzed  (table 
24). 
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TABLE  24 


FLOODGATE  OPENING  SCHEMES 


Schemes  Description 

FC  Size  openings  to  minimum  size  required  to  pass 

navigation  vessels  without  consideration  to 
ve loc i ty . 

N 1  Size  openings  such  that  maximum  average  velocity 

during  mean  range  is  about  S.I  fps  (3  knots). 


N2  Size  openings  such  that  maximum  average  velocity 

during  mean  spring  range  is  about  5.1  fps 
(3  knots). 


N3  Size  openings  such  that  maximum  average  velocity 

during  maximum  astronomic  range  is  about  5.1  fps 
(3.0  knots). 


N4  Size  openings  such  that  the  opening  below  0  foot 

NGVD  is  nearly  as  large  as  the  smallest  cross 
sectional  area  at  the  mouth  of  the  Saugus  River. 
This  should  provide  similar  maximum  average 
velocities  at  the  floodgate  structure  as  at  this 
smallest  cross  section. 


EN  Size  openings  such  that  maximum  average  velocity 

during  mean  spring  range  is  as  close  to  existing 
conditions  under  the  General  Edwards  Bridge  (1.7 
f ps ) ,  as  pos s ib 1 e . 


Gate  sizing  optimization  is  discussed  in  the  Plan 
Formulation  Appendix. 

Velocity  through  gate  openings  was  determined  by 
hydrologic  storage  routing  of  the  tide  employing  the  latest 
stage-volume  relationship  developed  from  aerial  mapping. 
Discharge  characteristics  of  the  tidal  floodgate  were  deter¬ 
mined  by  examining  past  WES  physical  model  studies  for  hurri¬ 
cane  barriers  proposed  for  Narragansett  Bay,  Rhode  Island  and 
Wareham-Mar ion ,  Massachusetts  (WES  Technical  Reports  2-663, 
2-721,  and  2-754).  Specifically,  the  work  of  McNair  and 
Grace  (TR  2-663)  for  a  similar  structure  at  Onset,  Massachu¬ 
setts  was  used  to  select  discharge  coefficients  for  naviga¬ 
tion  and  flushing  openings.  The  equation  used  takes  the 
form:  Q  ■  C  A  ( 2 g^H  (submerged  flow)  where  C  is  a  function 
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of  a  gross  head,  H,  and  submergence,  h/H,  respectively. 

Terms  used  in  these  equations  are  defined  as  follows: 

A  *  Cross  sectional  area  of  navigation  or  flushing  gate  ^ 
opening  from  top  of  sill  to  surface  of  tailwater,  ft 

Cs  ■  Discharge  coefficient  for  submerged  flow 

2 

g  ■  Acceleration  of  gravity,  ft/sec 

h  ■  Depth  of  tailwater  above  riprap  blanket,  ft 

H  ■  Gross  head  on  riprap  blanket  including  velocity  of 
approach,  ft 

L  »  Average  width  of  navigation  or  flushing  opening  based 
on  gross  head  on  riprap  blanket,  ft 

Q  *  Total  discharge,  cfs 
«  H  -  h,  ft 

Due  to  the  high  submergence  anticipated,  a  "C  "  of 
0.65  was  ^elected.  During  higher  tide  levels  pressure  flow 
will  occur  through  the  flushing  gates.  Due  to  the  small 
difference  in  water  level  on  either  side  of  the  structure, 
pressures  will  not  be  great.  In  this  case  a  similar  dis¬ 
charge  equation  was  used  except  the  area  was  limited  to  the 
gate  area  and  a  "C  "  of  0.67  was  approximated.  The  analysis 
was  confirmed  on  tile  existing  condition  by  comparison  with 
recently  observed  tide  and  velocity  measurements  at  the 
General  Kdwards  Bridge  (see  figure  15).  The  incoming  tide 
range  on  16  April  1987  was  nearly  a  mean  spring  tide  condi¬ 
tion.  Maximum  average  velocities  for  each  scheme  during 
various  tidal  conditions  are  shown  in  table  25  along  with 
estimated  cross  sectional  area  required  below  mean  sea  level 
(mean  sea  level  is  the  approximate  elevation  at  which  maximum 
flow  occurs).  Provided  hydraulic  conveyance  is  adequate,  the 
sizing  of  individual  gate  openings  is  significantly  related 
to  mechanical,  structural,  operational,  .and  economic  con¬ 
siderations.  These  aspects  were  examined  by  others  in  con¬ 
sultation  with  hydraulic  engineers  to  select  the  gate  types 
and  size  shown  in  the  main  report.  It  should  be  noted  that 
there  is  some  flexibility  in  setting  gate  sizes,  soffits  (top 
of  gated  opening),  and  inverts  (bottom  of  gated  opening)  in 
the  final  design  (provided  the  necessary  flow  area  is  main¬ 
tained)  when  the  exact  structure  location  and  existing  river 
cross  section  will  be  known. 
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Figures  16  and  17  show  velocity  versus  time  for  mean 
spring  and  maximum  astronomic  tidal  conditions  for  schemes 
M2,  M3,  M4,  and  EM. 

It  should  also  be  noted  that  previous  WES  studies 
and  current  measurements  at  the  Mew  Bedford,  MA  hurricane 
barrier  have  indicated  that  local  point  velocities  in  the 
center  of  openings  are  generally  on  the  order  of  1  to  2  fps 
greater  than  the  cross  sectional  average  velocities  indicated 
in  table  25.  Local  velocities  can  only  be  accurately  esti¬ 
mated  in  a  hydraulic  model  which  will  be  accomplished  in 
final  design.  The  Plan  Formulation  Appendix  includes  a  sen¬ 
sitivity  analysis  on  selecting  the  gated  flow  area  based  on 
the  1  to  2  fps  range. 

An  analysis  of  the  frequency  of  astronomic  tidal 
conditions  and  its  related  impacts  on  average  velocities  was 
completed  for  each  scheme.  Figure  2  illustrates  the  fre¬ 
quency  of  exceedance  for  astronomic  tidal  fall  as  summarized 
from  data  developed  by  CERC  for  the  MOS  gage  in  Boston. 

Table  26  uses  this  tide  data  as  well  as  current  data  computed 
during  the  storage  routing  to  determine  how  often  the  crit¬ 
ical  velocity  of  3  knots  is  equalled  or  exceeded.  By  way  of 
illustration,  if  scheme  M2  were  adopted,  a  maximum  average 
velocity  of  3  knots  would  be  exceeded  about  3.3  percent  of 
the  time,  affecting  about  291  tidal  inflow  or  outflow  periods 
(6.25  hour  duration  each)  per  year.  The  average  velocity 
would  be  above  3  knots  on  the  average  of  1.0  hour  for  each 
inflow  or  outflow  period.  However,  during  extreme  tides  it 
could  exceed  3  knots  for  nearly  four  consecutive  hours. 

Local  velocities  could  exceed  3  knots  (5.1  fps)  even  more, 
possibly  impacting  about  half  the  tides  around  the  time  of 
mid-tide.  These  higher  velocities,  although  occurring  for 
only  a  few  hours  at  a  time,  could  thwart  safe  navigation 
passage  or  cause  vessels  to  wait  until  the  currents  subside. 

If  scheme  M3  is  adopted,  maximum  local  velocity 
could  exceed  3  knots  during  about  20  percent  of  the  tides 
around  the  time  of  mid-tide,  possibly  imposing  a  navigation 
restriction.  Scheme  M4  would  provide  maximum  local  veloci¬ 
ties  generally  below  3  knots  and  only  slightly  higher  than 
that  which  exists  at  the  General  Edwards  Bridge  and  fairly 
close  to  that  which  occurs  at  the  narrowest  cross  section. 
Both  schemes  N3  and  N4  also  provide  greater  spatial  flushing 
capability  near  the  structure  which  is  desirable.  Scheme  N4 
has  a  good  chance  of  not  meeting  strong  opposition  from 
mariners  or  environmentalists.  However,  if  some  degree  of 
hindrance  to  navigation  or  biota  can  be  accepted,  schemes  M2 
or  M3,  or  a  compromise  scheme,  may  be  acceptable.  Scheme  EM 
keeps  average  velocities  at  present  levels,  as  measured  at 
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AVERAGE  VELOCITY-  FPS 


MAXIMUM  AVERAGE  VELOCITIES 
(From  Hydrologic  Routing  Analysis) 
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ESTIMATED  FREQUENCY  OF 
MODIFIED  CURRENTS 
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Che  General  Edwards  Bridge,  but  at  a  much  larger  likely 
expense.  Schemes  FC  and  N1  will  likely  be  unacceptable  to 
the  public  due  to  very  frequent  high  currents.  Change  in 
tide  levels  at  the  Seaplane  Basin  would  be  significant  with 
scheme  FC. 


A  further  analysis  of  schemes  N3  and  N4  was  com¬ 
pleted  assuming  some  potential  future  conditions,  i.e., 
breaching  of  the  I-9S  embankment,  completion  of  the  Saugus 
River  navigation  project,  and  a  1-foot  rise  in  sea  level. 
Results  of  the  analysis  is  shown  in  table  27.  Of  the  two 
schemes  evaluated,  N4  meets  the  3-knot  (5.1  fps)  maximum 
velocity  criteria  at  all  times  for  average  velocity.  Local 
velocities  would  occasionally  exceed  the  criteria.  These 
results  may  add  further  reason  to  favor  the  N4  option  keeping 
in  mind  that  local  velocities  may  be  1  to  2  fps  greater  than 
the  average.  The  Plan  Formulation  Appendix  includes  a  sensi¬ 
tivity  analysis  of  possible  local  currents  with  sea  level 
rise.  Breaching  of  the  1-95  fill  is  not  expected  to  be  a 
future  condition  due  to  opposition  by  Saugus  residents  since 
this  action  may  aggravate  their  flooding  problem. 


TABLE  27 

PREDICTED  FUTURE  VELOCITIES 
(From  Hydrologic  Routing  Analysis) 

MAXIMUM  AVERAGE  VELOCITY 
( feet/second) 


Alternative 


Condition  A 


Condition  B 


N3 


6.3 


7.4 


N4  (Selected)  4.1  4.9 

EN  2.9  3.6 


NOTES:  Condition  A  -  Maximum  astronomic  tide  range  with 

break  in  1-95  embankment  and  construction  of 
navigation  project. 

Condition  B  -  Same  as  condition  A  with  additional 
1  foot  rise  in  sea  level.  Assumes  floodgate  will 
continue  to  be  operated  only  for  coastal  storms. 
Closure  for  high  spring  tides  would  cause  maximum 
currents  not  to  change  much  from  condition  A. 
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It  is  likely  that  a  hydraulic  model  will  be  neces¬ 
sary  in  the  PE&D  phase  to  demonstrate  that  the  smallest  gate 
opening  has  been  selected  consistent  with  minimal  adverse 
impact  on  navigation.  In  addition,  the  spatial  impact  on 
currents  could  be  better  defined  allowing  for  more  refined 
estimates  of  sedimentation  and  biological  impacts. 

(3)  Effect  on  Basin  Tides.  The  placement  of  a  con¬ 
striction  at  the  mouth  of  the  Saugus-Pines  estuary  requires 
a  hydrodynamic  analysis  of  tidal  movement  to  accurately  por¬ 
tray  changes  which  result  from  existing  interior  tide  stages 
and  tidal  interchange  volumes.  Hydraulically,  the  narrowness 
of  both  the  Saugus  and  Pines  Rivers,  especially  at  highway 
and  bridge  openings,  lends  itself  to  using  the  selected  one¬ 
dimensional  model. 

For  the  purposes  of  this  study,  ODISTM  (One-Dimen¬ 
sional  Storm  Tide  Model),  a  model  developed  by  Hew  England 
Coastal  Engineers,  Inc.  and  used  by  the  Federal  Emergency 
Management  Agency  to  predict  storm  surges  for  coastal  com¬ 
munities  as  part  of  their  flood  insurance  studies,  was  em¬ 
ployed  to  estimate  tidal  movement  within  the  estuary.  The 
model  assumes  the  water  velocity  to  be  primarily  undirec- 
tional  and  neglects  the  perpendicular  flow  direction  of  any 
of  the  floodwater  which  inundates  the  off  channel  areas, 
although  it  has  the  capability  to  characterize  slow  water 
movement  in  mudflats  and  wetlands  by  assuming  that  water  goes 
into  storage  as  the  overbanks  are  flooded.  By  varying  the 
downstream  boundary  to  predict  tidal  movement,  the  link-node 
model  uses  the  principles  of  momentum  and  continuity  to  route 
the  tidal  wave  up  and  down  the  estuary.  This  simplified 
model  is  a  useful  tool  for  screening  various  alternatives  in 
planning  investigations.  A  more  comprehensive  model  is 
planned  for  final  project  design. 

Aerial  photography  was  obtained  and  water  surface 
areas  delineated  and  measured  at  several  different  tide 
levels  to  assist  in  determining  the  surface  area  versus 
storage  volume  relationship  behind  the  floodgate  structure. 
The  area-capacity  relationship  depicted  in  plate  2  is  the 
product  of  this  analysis. 

Initially,  the  stage-volume  relationship  from  the 
area-capacity  curve,  channel  and  marsh  widths  from  the  USGS 
quadrangle,  and  soundings  collected  during  navigation  studies 
were  used  to  define  the  geometry  of  the  estuary  in  the  model. 
Additional  adjustments  were  then  made  to  the  model  volume  by 
altering  channel  widths  so  that  the  computed  tidal  inter¬ 
change  matched  fairly  well  to  that  measured  with  current 
seters  on  16  April  1987  for  a  similar  tide  condition  (about  a 
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mean  spring  tide).  A  single  adjustable  Chezy  loss  coeffi¬ 
cient  (C“34)  was  used  to  define  impacts  of  constrictions, 
bends,  and  channel  bed  friction.  In  plate  11,  the  model  dis¬ 
charge  results  for  the  mouth  of  the  Saugus  River  are  shown  to 
match  up  fairly  well  with  the  actual  field  data  for  this  ap¬ 
proximate  mean  spring  tide  condition.  As  shown  in  table  28, 
the  predicted  stages  and  timing  differences  (lag  from  Fox 
Hill  drawbridge  on  Saugus  River)  determined  from  the  model, 
compared  favorably  with  the  data  collected  in  the  field. 

Hydrodynamic  analysis  was  completed  for  schemes  FC, 
Nl,  H2 ,  N3 ,  N4 ,  and  EN  (table  24);  changes  in  high  and  low 
tide  levels  as  compared  to  the  existing  condition  were  deter¬ 
mined  at  several  locations  within  the  estuary.  Results  are 
shown  in  tables  29  and  30.  As  shown  in  the  tables,  water 
movement  in  the  estuary  is  more  affected  by  severe  constric¬ 
tions  at  low  tide,  than  at  high  tide  (note  the  values  of  tide 
changes  for  the  FC  scheme).  This  is  understandable  since  at 
low  tide  the  depth  and  flow  areas  are  so  much  smaller  than  at 
the  high  tide  condition,  resulting  in  increased  head  losses 
and  less  drainage  capability.  Also,  as  shown,  tide  level 
changes  are  barely  noticeable  for  schemes  N2,  N3,  N4 ,  and  EH. 
In  fact,  the  rising  sea  level  phenomena  could  cause  more  sig¬ 
nificant  future  changes  in  tide  levels  (see  Section  14, 

Rising  Sea  Level). 

Because  of  the  lack  of  topographic  data  in  the  chan¬ 
nel  upstream  from  the  Route  107  bridge  over  the  Pines  River, 
exact  low  tide  levels  near  the  Seaplane  Basin  could  not  be 
accurately  determined.  Low  tide  stages  determined  for  the 
station  at  Atlantic  Lobster  best  indicate  potential  changes 
at  the  Seaplane  Basin  since  it  is  the  closest  station  unaf¬ 
fected  by  the  unknowns  of  the  Route  107  bridge  and  the  1-95 
embankment  (table  30).  Changes  in  the  timing  of  high  and  low 
tides  from  existing  conditions  were  also  computed  for  a  maxi¬ 
mum  astronomic  tide  range  for  each  alternative;  the  results 
are  shown  on  tables  31  and  32.  The  lag  (delay  in  high  tide 
level)  is  quite  significant  for  schemes  FC  and  Nl,  reducing 
to  only  a  slight  delay  for  schemes  N3  and  N4.  Mean  spring 
tide  range  conditions  were  also  computed  for  schemes  N3  and 
N4  and  showed  that  for  all  stations  the  time  lag  reduced  to 
less  than  3  minutes  and  1  minute,  respectively.  Neither  tide 
level  nor  timing  changes  show  major  differences  from  existing 
conditions  for  schemes  N2,  N3,  N4,  and  EN. 

Flushing  volume  changes  were  determined  for  both  the 
existing  condition  and  schemes  N3  and  N4  for  various  tide 
levels.  For  scheme  N3,  the  percent  reduction  from  existing 
ranged  from  0.5  percent  for  a  mean  tide  range  to  about  3  per¬ 
cent  for  maximum  astronomic  tide  range.  This  reduced 
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(Change  In  High  Tide  Levels 
Fran  Existing  Condition 
For  Selected  Tide  Conditions) 
(In  Feet) 
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EFFECT  ON  LOW  TIDES 
SAUGUS  RIVER  ESTUARY 
(Change  in  Low  Tide  Levels 
from  Existing  Condition 
or  Selected  Tide  Conditions) 
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TABLE  31 


TIMING 

DELAY  IN  OCCURRENCE  OF  HIGH  TIDE 

( Change 

From  Existing 

Condition  in 

Minutes ) 

At 

At 

At 

Seaplane 

At  lant ic 

Lincoln 

Alternative 

Basin 

Lobster 

Avenue 

FC 

39 

63 

55 

N  1 

13 

18 

18 

N2 

9 

12 

16 

N3 

3 

5 

6 

N4  (Selected) 

0.5 

0.5 

1 

EN 

0 

0 

0 

NOTE:  This 

is  for  maximum  astronomic 

tide  range 

TABLE  32 

TIMING  DELAY  IN  OCCURRENCE  OF  LOW  TIDE 
(Change  From  Existing  Condition  in  minutes) 


Alternat ive 

FC 
N  1 
N2 
N3 

N4  (Selected) 
EN 


At 

Atlantic  Lobster 

78 

29 

18 

8 

1 

0 


At 

Lincoln  Avenue 

61 
1  1 
10 
4 
1 
0 


NOTE:  This  is  for  maximum  astronomic  tide  range 
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exchange  volume  could  potentially  be  offset  if  other  con¬ 
strictions,  such  as  the  abandoned  I-9S  embankment  on  the 
Pines  River  and  narrow  bridges  on  the  Saugus  River  (i.e.,  the 
Lincoln  Avenue  bridge)  were  opened  up  and  allowed  to  flush 
more  freely  and  if  the  Saugus  River  navigation  project  was 
completed.  The  actual  effect  of  removing  constrictions  is 
not  easily  addressed.  A  detailed  study  should  be  conducted 
to  examine  these  options  before  any  such  decisions  are  made. 
For  scheme  N4 ,  there  was  less  than  0.1  percent  change  in 
flushing  volume  for  all  conditions.  ~ 

As  a  result  of  velocity  considerations,  scheme  N4 
was  selected  by  planners  for  the  proposed  plan  because  it  is 
the  most  promising  from  a  navigation  perspective  without 
making  the  floodgate  structure  cost  excessive  and  does  not 
significantly  alter  tide  levels  or  flushing  in  the  estuary. 
Detailed  design  modelling  will  be  conducted  to  refine  this 
cone lus ion . 
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(4)  Sediment  Movement.  Analysis  of  the  hydrology 
of  the  Saugus  and  Pines  Rivers  estuary  and  review  of  sus¬ 
pended  solids  data  collected  in  1986  and  sediment  data  col¬ 
lected  as  part  of  the  navigation  study  within  the  estuary 
indicate  that  construction  of  a  floodgate  structure  across 
the  mouth  of  the  Saugus  River  will  have  only  minimal  effect 
on  the  sediment  movement  which  now  exists  within  the  tidal 
area . 


The  upstream  freshwater  portion  of  the  Saugus  and 
Pines  Rivers  contributes  only  minor  sediment  load  under  aver¬ 
age  flow  conditions  because  of  the  hydrologically  slow  basin 
characteristics  (short  stream  lengths  interconnected  by  large 
wetland  areas).  Average  slope  of  the  main  stem  of  the  Saugus 
River  (the  major  contributor  to  sediment)  is  about  6  feet/ 
mile  and  about  10  percent  of  the  freshwater  portion  of  the 
basin  is  comprised  of  small  lakes  and  wetlands.  Most  sedi¬ 
ment  entrained  in  the  stream-like  portions  of  the  river 
would  have  settled  out  in  the  freshwater  wetland  areas.  It 
is  likely  that  if  any  sediment  movement  takes  place  from  the 
upper  basin  it  will  only  occur  during  major  freshwater  runoff 
events.  Sediment  moving  downstream  from  the  freshwater  por¬ 
tion  during  these  events  will  be  deposited  rather  quickly  in 
the  upper  end  of  the  tidal  estuary  since  the  river  channel 
widens  dramatically  at  the  upper  end  of  the  estuary. 

After  deposition,  sediment  transport  in  the  estuary 
is  controlled  by  tidal  movement  rather  than  freshwater  flow 
since  freshwater  flow  is  such  a  minor  component  of  the  total 
water  movement.  Table  33  shows  the  ratio  of  peak  freshwater 
flow  rates  for  various  runoff  events  to  the  average  tidal 
interchange  flow  rate  for  a  mean  tide  range.  As  noted,  even 
for  a  100-year  runoff  event,  the  freshwater  flow  rate  is  less 
than  one-half  of  the  average  tidal  flow. 
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TABLE  33 


SALTWATER-FRESHWATER  FLOW  RATES 
(Estimated  for  Saugus  River 
at  General  Edwards  Bridge) 


eshwater 
;ak  Flow 
Rate 

Chance 

of  Occurrence 

Average  Tidal 
Flow  Rate  for 
Mean  Tide  Range 

Saltwater  to 
Freshwater 
Flow  Ratio 

(cf  s ) 

(percent) 

(cf  s) 

850 

50 

(2-yr  event) 

9,400 

11.1 

1  ,900 

to 

(  1  0-yr  event ) 

9,400 

4.9 

3,300 

2 

(50-yr  event) 

9,400 

2.8 

4,000 

1 

(  1  00-yr  event) 

9,400 

•d 

• 

CM 

NOTES : 

Peak 

flow  rates  were 

obtained  by  statistical 

analysis  of  the  Aberjona  River  USGS  gate  at 
Winchester,  MA  for  the  upper  watershed  and 
adopted  lower  watershed  discharges,  assuming 
the  two  peaks  coincident.  This  flow  rate  does 
not  necessarily  last  for  6  hours  (1/2  of  a  tide 
cycle). 


Average  tidal  flow  rate  is  obtained  by  taking 
the  tidal  volume  exchanged  in  a  complete  tide 
cycle  and  dividing  by  6  hours. 
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Very  little  change  is  expected  to  take  place  in  the 
sediment  movement  capability  of  the  Saugus  estuary  as  a 
result  of  this  project.  Existing  and  proposed  average  velo¬ 
cities  (floodgate  schemes  M3  and  M4)  estimated  by  the  hydro- 
dynamic  model  for  peak  discharge  conditions  for  a  mean  spring 
tide  range  are  displayed  at  various  locations  along  the 
Saugus  and  Pines  Rivers  in  table  34.  Minimal  changes  in 
velocities  are  anticipated  throughout  the  estuary  with  the 
floodgate  structure  in  place,  with  the  exception  of  the  area 
within  a  few  hundred  feet  of  the  floodgate.  Highest  veloci¬ 
ties  for  both  proposed  and  existing  conditions  occur  near  the 
mouth  of  the  river  with  other  high  velocities  occurring  at 
bridge  crossings.  Velocities  in  a  majority  of  the  estuary 
are  low,  less  than  0.50  fps,  and  as  a  result  (even  under  pro¬ 
posed  conditions)  currents  are  only  capable  of  moving  ex¬ 
tremely  fine  grain  or  flocculated  materials.  Even  increasing 
the  velocities  by  about  one-third  for  both  existing  and  pro¬ 
posed  conditions,  the  approximate  increase  if  a  100-year 
runoff  event  occurs  concurrent  with  a  mean  spring  tide  range 
condition,  would  cause  only  a  slight  increase  in  the  sediment 
carrying  capability  of  the  flow.  Any  increase  in  sediment 
load  capability  may  not  even  be  measurable  when  considering 
the  large  quiescent  areas  that  will  remain,  such  as:  (a)  at 
the  inside  of  the  numerous  bends,  (b)  along  the  shallow  mud- 
flat  areas,  and  (c)  upstream  from  bridge  crossing  constric¬ 
tions. 


Sediment  data  has  also  been  collected  as  part  of 
NED's  navigation  investigations  in  the  Saugus  and  Pines 
Rivers.  Data  collected  from  these  studies  are  included  in 
tables  35A  through  35E  and  location  of  the  samples  collected 
are  shown  in  plate  12.  In  addition,  bottom  samples  were  col¬ 
lected  near  the  north  side  of  the  Saugus  River  terminus  as 
part  of  this  flood  control  study  and  show  very  little  fine 
material.  The  data  collected  confirms  that  the  highest  velo¬ 
cities  occur  near  the  mouth  of  the  Saugus  River  since  there 
is  very  little  fine  silt  material  build-up  and  bottom  mate¬ 
rial  generally  consists  of  fine  to  medium  sands.  Areas  in 
the  overbanks  generally  show  a  build-up  of  fine  silt  as  would 
be  expected  since  currents  in  these  areas  are  significantly 
less  than  those  in  the  main  channel.  The  data  also  shows  the 
impact  that  street  runoff  and  combined  sewer  overflow  have  on 
the  sediment  quality  just  upstream  from  Route  107  on  the 
Saugus  River.  This  is  the  area  where  the  Lynn  Water  and 
Sewer  Commission's  Summer  Street  combined  sewer  overflow  is 
located.  The  sediments  both  upstream  and  downstream  from 
this  area  are  extremely  fine-grained  and  have  a  high  organic 
content.  Recently  additional  sediment  samples  were  taken  for 
environmental  assessment  purposes  along  Lynn  Harbor  and  at 
the  mouth  of  the  Saugus  River.  This  information  is  presented 
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MAXIMUM  AVERAGE  VELOCITIES 
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NOTE:  Velocities  ere  extracted  from  Hydrodyn»»ic  Model 
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SAUGUS  RIVER 

SAUGUS  AND  LYNN,  MASSACHUSETTS 
SEDIMENT  ANALYSIS 


Specific  Gravity  2.70  2.68  2.68  2.71 


in  the  Environmental  Appendix  and  shows  no  major  changes  from 
previous  data. 


Overall,  the  sediment  data  collected  shows  that 
velocities  in  general  are  low  throughout  the  estuary  (as  is 
consistent  with  the  hydrodynamic  results)  since  bottom  mate¬ 
rial  sampled  range  from  sandy  silt  to  coarse  sand  with  little 
or  no  gravel  or  cobble  type  material.  Higher  velocities 
would  have  resulted  in  larger  particle  sizes  along  the  chan¬ 
nel  surface.  Under  normal  conditions,  with  the  proposed 
floodgate  open,  only  the  area  within  a  few  hundred  feet  of 
the  project  will  be  impacted  by  the  restriction.  A  riprap 
apron  will  be  necessary  near  the  structure  to  prevent  any 
undesired  scour.  Additional  sediment  build-up  may  occur  near 
the  quiescent  areas  upstream  and  downstream  from  the  flood¬ 
gate  structure.  Areas  where  additional  sediment  may  build-up 
and  where  increased  erosion  may  take  place  are  shown  in  plate 
13.  A  model  will  be  completed  in  the  Project  Engineering  and 
Design  phases  to  verify  this  assumption  (see  Addendum  II). 
Also,  areas  of  potential  increased  scour  near  the  structures 
will  be  identified  and  appropriate  corrective  measures 
designed . 


With  the  floodgate  closed,  which  would  happen  only 
on  infrequent  occasions,  sediment  movement  from  the  upstream 
basin  and  from  storm  drains  may  temporarily  change  from  the 
existing  condition.  For  example,  post-project  sediment  move¬ 
ment  will  show  a  temporary  decrease  if  a  comparison  is  made 
to  preproject  conditions  when  peak  freshwater  discharge  is 
occurring  near  mid-tide.  However,  if  post-project  sediment 
movement  is  compared  to  preproject  conditions  when  it  is 
slack  low  or  slack  high  tide,  there  would  be  very  little 
change  in  sediment  movement  noticeable.  In  any  event,  since 
bed  material  transported  is  so  fine,  any  change  in  sediment 
movement  should  be  minor.  When  comparing  preproject  to  post¬ 
project  gate  closed  conditions,  after  a  short  gate  closure 
(generally  1  to  2  hours),  subsequent  tidal  cycles  would 
reentrain  the  sediment  as  under  the  existing  conditions. 

12.  DESIGN  FLOODS 

a.  Design  Ocean  Storm  Criteria.  See  section  on  Tidal 
Hydrau 1 ics . 

b.  Interior  Runoff  Criteria.  Establishing  interior 
drainage  criteria  for  a  regional  flood  control  project  is  not 
a  definitive  hydrologic  process.  The  assessment  of  interior 
drainage  needs  cannot  be  entirely  analytical,  but  must  be  a 
combination  of  both  quantitative  and  subjective  analysis. 

The  sizing  of  interior  drainage  facilities,  an  indicator  of 
cost,  must  be  weighed  against  the  interior  flood  risk  based 
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on  both  probability,  or  frequency,  and  magnitude  of  potential 
flood  damages.  For  example,  street  drains  serving  small 
drainage  areas  where  flood  potential  is  minor  and  of  a  nui¬ 
sance  category,  are  usually  sized  using  a  relatively  low 

(frequency)  storm  runoff  criteria,  i.e.,  2  to  10-year  storm  j 

frequency  runoff.  However,  for  systems  with  greater  flood 
damage  potential,  possibly  involving  loss  of  life  or  exten¬ 
sive  property  damage,  a  more  severe  criteria  is  generally 
employed,  i.e.,  50  to  100-year  storm  frequency  runoff  cri¬ 
teria.  Some  hydrologic  factors  considered  in  establishing 
interior  drainage  requirements  are:  (a)  the  frequency  and 
duration  of  storm  tides  preempting  gravity  drainage,  (b)  in¬ 
terior  runoff  potential,  (c)  likely  coincidence  of  interior 
runoff  with  storm  tide  (discussed  in  paragraph  9),  and  (d) 
relative  degree  of  primary  protection  sought  by  regional 
project,  i.e.,  the  higher  the  optimum  design  flood  for  the 
overall  project  the  higher  the  interior  drainage  criteria. 

Based  on  the  above  considerations,  interior  drainage  design 
criteria  adopted  for  the  subject  regional  plan,  was  a  10 
percent  (10-year)  interior  design  runoff  as  criteria  for  a 
1  percent  (100-year)  primary  project  level  of  design  against 
tidal  flooding,  a  2  percent  (50-year)  interior  design  for  a 
0.2  percent  (500-year)  primary  design,  and  a  1  percent  (100- 
year)  interior  design  for  an  SPN  primary  level  of  design. 

c.  Interior  Storage  Capacity.  A  necessary  component  of 
any  Regional  Saugus  River  Floodgate  Plan  would  be  the  preser¬ 
vation  of  adequate  storage  capacity  in  the  tidal  estuary  for 
safely  storing  design  interior  runoff  volume,  and  residual 
tidal  overtopping.  As  set  forth  in  ER  1 105—2—20,  "Project 
Purpose  Planning  Guidance,"  local  assurances  would  be  needed 
to  protect  the  Federal  investment  and  assure  the  achievement 
of  expected  project  benefits  throughout  project  life.  Ac¬ 
cordingly,  ample  estuary  lands  for  interior  storage  capacity 
would  need  to  be  preserved.  Total  design  interior  storage 
required  for  different  levels  of  project  design  are  listed  in 
table  36.  Volumes  are  based  on  a  design  gate  closure  period 
of  4.5  hours  for  a  100-year  design,  5.5  hours  for  a  500-year 
design,  and  6  hours  for  the  SPN  design.  At  the  time  this 
analysis  was  conducted  the  Point  of  Pines  project  area  was 

not  a  part  of  the  Regional  Plan.  Due  to  the  uncertainties  4 

involved  with  the  Point  of  Pines  project,  wave  overtopping 
volumes  were  computed  assuming  existing  conditions  at  Point 
of  Pines.  Since  the  Point  of  Pines  project  is  now  a  compon¬ 
ent  of  the  Regional  Plan,  these  overtopping  volumes  will  be 
somewhat  reduced;  however,  due  to  the  relatively  small  size 
of  the  Point  of  Pines  area,  reductions  in  overtopping  volumes 
will  not  be  significant.  All  overtopping  volumes  will  be 
reviewed  and  updated  in  design  studies. 
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TABLE  36 


INTERIOR  STORAGE  CAPACITY  REQUIREMENTS 


IX  (100-yr)  0.2Z  (500-yr)  SPN* 

Design  Tide  Design  Tide  Design  Tide 


Saugus  River  340  Ac-Ft 

Inflow  (26  sq.  mi.)  (10ZQ*900  cfs) 


600  Ac-Ft  750  Ac-Ft 
(2ZQ-1.300)  (1XQ-1,500) 


Local  Runoff 
(21  sq .  mi . ) 


1 ,650  Ac-Ft 
(2.2"  R.O.) 


3,100  Ac-Ft 
(3.1"  R.O.) 


3,500  Ac-Ft 
(3.5"  R.O.) 


Wave  Overtopping 
TOTAL 


325  Ac-Ft 


2,300  Ac-Ft 


690  Ac-Ft  1 ,560  Ac-Ft 


4,400  Ac-Ft  5,800  Ac-Ft 


*  Selected 


There  presently  exists  sufficient  estuary  area  for  the 
safe  storage  of  interior  runoff  during  periods  of  floodgate 
closure,  eliminating  the  need  for  a  costly  pumping  station. 
However,  assurances  of  the  functional  integrity  of  such  stor¬ 
age  is  critically  important  as  stated  in  EC  1110-2-247, 
"Hydrologic  Analysis  of  Interior  Areas,"  dated  January  1984. 
It  was  determined,  using  the  developed  area-capacity  curves 
for  the  Saugus-Pines  River  estuary,  that  preserving  all 
lands,  at  and  below  +7.0  feet  NGVD  in  the  estuary,  would 
assure  5,400  acre-feet  of  storage  capacity  between  +2.0  and 
+8.0  feet  NGVD,  assuming  a  vertical  rise  between  elevations 
7.0  and  8.0.  Hydrologically ,  it  is  recommended  that  5,400 
acre-feet  of  storage  capacity  be  adopted  as  the  design  inte¬ 
rior  storage  capacity  requirement.  Local  assurances  would 
need  to  stipulate  that  no  filling  (loss  of  storage)  be  per¬ 
mitted  below  elevation  7.0  feet  NGVD  without  compensating 
storage  between  elevations  5.0  and  7.0  feet  NGVD.  As  part  of 
project  design,  detailed  mapping  (refer  to  paragraph  5b) 
should  be  prepared  defining  the  area  required  for  hydrologic 
purposes.  Executive  Order  11988  requires  the  Corps  to  avoid 
inducing  development  in  the  base  flood  plain  if  there  is  an 
alternative  (ER  1105-2-20).  In  developing  areas  the  local 
sponsor  is  required,  to  the  extent  legally  empowered,  to 
adopt  flood  plain  management  programs  to  ensure  wise  use  of 
the  flood  plains  in,  as  well  as  adjacent  to,  the  project  area 
(ER  1105-2-20).  To  limit  potential  flood-prone  development 
and  adverse  impacts  on  project  operation,  local  assurances 
should  stipulate  that  any  new  developments  bordering  directly 
on  the  estuary  above  elevation  +7.0  feet  NGVD  require  minimum 
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lot  elevations  not  less  than  +8.5  feet  NGVD  with  first  floor 
grades  not  less  than  +9.0  feet  NGVD. 


d.  Residual  Interior  Drainage  Needs.  In  addition  to, 
but  separate  from  the  Saugus  and  Pines  Rivers  estuary,  there 
are  localized  low  areas  in  Revere  and  Saugus  whose  drainage 
is  presently  dependent  on  localized  ponding  and  flap-gated 
drains  to  the  estuary,  i.e.,  Revere  zones  2B,  4A,  and  4C ,  and 
Saugus  zone  2.  The  tidal  floodgate  project  cannot  be  oper¬ 
ated  to  provide  continuous  gravity  drainage  for  these  low 
areas  and  some  residual  local  drainage  problems,  in  the 
absence  of  tidal  flooding,  may  persist.  Local  assurances 
will  need  to  stipulate  that  all  existing  flap-gate  structures 
to  the  estuary  be  maintained  in  good  operating  condition. 
Further,  all  proposed  new  developments  must  be  reviewed  with 
regards  to  their  potential  impact  on  existing  drainage  condi¬ 
tions. 


All  needed  improvements  for  the  handling  of  interior 
storm  drainage,  in  the  absence  of  tidal  flooding,  will  be 
a  non-Federal  responsibility  in  accordance  with  ER  1165-2-21, 
"Flood  Damage  Reduction  Measures  in  Urban  Areas,"  dated 
October  1980. 

e.  Design  Height  of  Protection  Criteria.  See  section 
on  Tidal  Hydraulics. 

f.  Freeboard .  See  section  on  Tidal  Hydraulics. 

13.  PROJECT  OPERATION 

a.  General.  A  Saugus  River  Floodgate  project  would, 
under  normal  conditions,  have  gates  in  an  open  position  with 
resulting  minimal  effect  on  the  present  tidal  regime  of  the 
estuary.  Under  storm  tide  conditions,  the  gate  would  be 
closed  in  an  effort  to  prevent  tide  levels  in  the  estuary 
from  exceeding  about  +8.0  feet  NGVD.  In  so  doing,  with 
allowance  for  interior  runoff  and  wind  generated  interior 
wave  action,  it  would  be  expected  that  the  regulated  level, 
on  average,  would  be  more  nearly  +7.0  feet  NGVD  with  infre¬ 
quent  rises  to  nearly  +8.0  feet  NGVD.  This  is  not  to  infer 
that  the  gates  will  be  closed  every  forecasted  tide  of  +7.0 
feet.  Since  the  duration  of  gate  closure  and  potential  for 
interior  runoff  storage  is  proportional  to  the  height  of 
storm  tide,  time  of  closure  would  be  highly  dependent  on 
forecasted  tide  and  weather  (rainfall)  conditions.  For 
example,  if  a  tide  of  7.5  feet  is  forecasted  (5  to  6  times 
per  year  on  average)  and  there  had  been  little  rain,  then  the 
gate  would  likely  not  be  operated,  with  a  resulting  unmodi¬ 
fied  tide  of  about  7.5  feet.  By  comparison,  if  a  tide  of 
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+9.0  feet  (10-year  event)  were  forecasted,  with  moderate 
rain,  then  the  gate  would  likely  be  closed  between  +6.0  and 
+7.0  feet  NGVD.  Examples  of  anticipated  operations  for 
three  different  storm  events  are  shown  in  figures  18,  18A, 

and  19.  Figure  18  depicts  what  would  likely  happen  during 
what  could  be  considered  a  10  to  20-year  tidal  event  which 
occurred  on  2  January  1987.  There  was  one  peak  storm  tide 
which  went  up  to  about  9.6  feet  NGVD.  Figure  18A  shows  a 
typical  annual  event.  Although  start  of  significant  damage 
is  about  elevation  8.0  feet  NGVD  (70  percent  chance  of  being 
equalled  or  exceeded  annually),  some  of  the  2  to  3  closures 
per  year  would  be  false  alarms  such  as  this,  with  the  closure 
decision  being  made  in  anticipation  of  potential  significant 
flooding . 

The  coastal  storm  which  occurred  during  6-7  February 
1978  produced  two  extremely  high  tides  which  were  measured  at 
the  Boston  NOS  gage.  This  gage  showed  that  the  storm  tide 
which  occurred  remained  above  8  feet  NGVD  for  approximately 
2-1/2  hours  on  the  first  high  tide  dropping  to  less  than 
5  feet  NGVD  for  about  7  hours  and  then  rising  to  above  8  feet 
NGVD  for  about  3-1/2  hours  on  the  second  high  tide.  Hypo¬ 
thetical  floodgate  operation  is  shown  on  figure  19.  This  is 
based  on  assumed  start  of  damage  at  8  feet  +  NGVD,  precipita¬ 
tion  during  the  storm  being  all  snow  (temperature  less  than 
32  degrees  Fahrenheit),  and  adequate  prior  warning  given  to 
navigation  interests  regarding  gate  closure.  It  can  be  seen 
that  the  gates  would  have  been  closed  four  times  for  a  total 
of  about  20  hours  over  a  3-day  period.  Since  the  storm  surge 
lingered  on  for  several  days,  closures  would  have  occurred  at 
four  high  tides  between  6  and  8  February.  This  was  the  worst 
storm  of  recent  history  (about  a  100-year  event). 

b.  Design  Storm  Operation.  In  contrast  to  the  above 
operating  procedure,  the  operating  criteria  for  a  forecasted 
hurricane  or  severe  northeaster  with  potential  ocean  tides  in 
excess  of  10  feet  NGVD,  severe  winds,  and  torrential  rains 
(something  in  the  one  percent  chance  range  or  rarer),  the 
project  would  be  closed  conservatively  early.  For  SPN  design 
operation  and  design  interior  rainfall  runoff,  the  project 
would  be  closed  at  about  a  +2.0  feet  tide,  allowing  for  de¬ 
sign  interior  storage  and  remain  closed  up  to  4  to  6  hours. 

A  preliminary  schedule  of  gate  closure  elevation  versus  fore¬ 
casted  storm  tide  and  probable  resulting  maximum  interior 
storage  level  is  graphically  illustrated  on  plate  7.  This 
plate  is  presented  as  a  preliminary  analysis  to  demonstrate 
project  capability  and  is  not  meant  to  infer  any  final  gate 
operation  schedule.  Actual  gate  closure  elevations  and 
schedule  would  be  developed  as  part  of  the  Operation  and 
Maintenance  Manual  and  could  be  modified  slightly  based  on 
actual  operating  experience. 
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c.  Frequency  of  Operation.  An  examination  of  tidal 
records  at  Boston  for  a  44-year  period  (NOAA  Technical  Memo¬ 
randum  NWS  TDL  71,  "A  Tide  Climatology  For  Boston,  Massa¬ 
chusetts,  November,  >982)  indicates  that  the  tide  exceeded 
7.S  on  average  about  5  to  6  times  per  year  and  wind  and 
weather  conditions  indicate  that,  had  the  project  been  in 
place,  it  would  likely  have  been  operated  on  average,  2  to  3 
times  per  year.  Preparation  for  an  operation  may  have  been 
as  much  as  8  to  10  times  per  year.  If  tide  levels  continue 
to  rise  in  the  future  this  might  necessitate  more  frequent 
operation  or  a  change  in  target  levels  (refer  to  "Sea  Level 
Rise"  section). 

14.  RISING  SEA  LEVEL 

a.  Historic  Rise .  Sea  level  has  been  rising  worldwide 
at  varying  rates  for  thousands  of  years.  Since  the  maximum 
advance  of  the  last  glacier  at  about  13,000  B.C.,  sea  level 
has  risen  between  330  to  490  feet  (Shepard,  1963)  or  approxi¬ 
mately  430  feet  (Meade).  With  retreat  of  the  glacial  ice, 
the  phenomenon  of  "rebound"  of  the  landmass  has  accounted  for 
more  than  600  feet  of  increased  elevation  in  northern  areas 
of  New  England  where  the  ice  sheet  was  very  thick.  The  mean 
height  of  the  sea,  with  respect  to  the  adjacent  land,  has 
been  rising  in  the  United  States  with  the  exception  of  Alaska 
and  possibly  northernmost  New  England  where  rebound  may  still 
be  occurring.  The  overall  long  term  historic  rate  of  rise  on 
the  east  coast  has  generally  been  1  to  1-1/2  feet  per  cen¬ 
tury.  This  apparent  change  in  sea  level  has  been  ascribed  to 
a  combination  of  increased  water  volume  in  the  ocean  from 
melting  glaciers  and  subsidence  of  the  land  in  some  regions. 
Figure  20  depicts  the  historic  relative  sea  level  from  1940 
to  1980  along  the  northern  east  coast  (Hicks,  1983).  At  the 
Boston  Harbor  National  Ocean  Survey  tide  gage,  the  rise 
relative  to  the  land  has  been  estimated  to  be  0.008  ft/yr 
from  1922  through  1980.  Sea  level  determination  has  gener¬ 
ally  been  revised  at  intervals  of  about  25  years  to  account 
for  the  changing  sea  level  phenomenon.  The  National  Ocean 
Survey  is  presently  finishing  the  process  of  reducing  tide 
data  from  the  1960  to  1978  tidal  datum  epoch  to  make  such  a 
revision.  Thus,  the  present  local  mean  level  of  the  sea  at  a 
given  location  along  the  coast  can  be  expected  to  be  several 
tenths  of  a  foot  higher  than  the  National  Geodetic  Vertical 
Datum  that  was  established  as  the  mean  sea  level  in  1929  and 
which  remains  basically  fixed  in  time  and  space. 

b.  Future  Sea  Level  Rise.  In  recent  years  there  has 
been  much  discussion  regarding  a  potential  increased  rate  of 
future  sea  level  rise.  This  phenomenon  is  related  to  a  grad¬ 
ual  warming  of  the  earth's  atmosphere  associated  with  in¬ 
creased  emissions  of  carbon  dioxide  and  other  gases  on  earth. 
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FIGURE  20 
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The  warmed  atmosphere  may  promote  expansion  of  near  surface 
ocean  water  and  increase  the  rate  of  melting  of  glaciers, 
thereby  hastening  the  rate  at  which  ocean  levels  appear  to  be 
rising.  The  scientific  community  is  generally  in  agreement 
that  the  rate  of  global  sea  level  rise  will  increase;  how¬ 
ever,  there  is  lack  of  precision  and  agreement  as  to  how  much 
the  increase  will  be.  Several  scientists  have  made  projec¬ 
tions  employing  mathematical  models  which  simulate  the  proc~ 
esses  involved.  These  global  sea  level  rise  forecasts  by 
others  are  summarized  in  table  37.  It  can  be  seen  that  the 
increase  in  global  sea  level  by  2075  could  be  about  as  little 
as  1  foot  or  as  much  as  7  feet.  A  middle  estimate  of  3  to  4 
feet  is  accepted  by  many  experts.  This  middle  ground  would 
yield  an  increase  of  nearly  fourfold  over  historic  rates  in 
New  England.  The  National  Research  Council  (NRC,  1987)  re¬ 
cently  suggested  that  the  sensitivity  of  design  calculations 
and  policy  decisions  be  evaluated  based  on  three  plausible 
variations  in  sea  level  rise  to  the  year  2100,  all  showing 
greater  rate  of  rise  in  the  distant  future  than  in  the  next 
decade  and  all  with  an  increased  rate  of  rise  relative  to  the 
present:  1.6,  3.3,  and  4.9  feet.  These  estimates  represent 

"Eustatic"  or  global  changes.  The  local  component  which 
varies  greatly  from  subsidence  to  uplift  must  also  be  in¬ 
cluded  in  estimating  the  total  rise  at  a  specific  location. 
The  NRC  suggests  the  following  equation  for  estimating  total 
r i se ;  T(t)  -  ( ( 0 . 00 1 2+M/ 1 , 000 ) t+b t  ) / . 3048  in  which  M  ■  1.0 
mm/yr  at  Boston,  t  ■  years  from  1987,  and  b  “  0.000028, 

0.000066  or  0.000105  m/yr  for  global  rises  of  1.6,  3.3,  and 

4.9  feet  by  the  year  2100.  The  result  here  is  converted  to 

feet.  Figure  21  presents  NRC  total  plausible  rise  at  Boston 
for  the  three  cases. 

c.  General  Corps  Policy  Regarding  Sea  Level  Rise.  The 
Corps  policy  regarding  sea  level  rise  is  one  of  concern 
rather  than  alarm.  The  Corps  is  trying  to  stay  aware  of  on¬ 
going  developments  to  further  define  the  complex  issue,  keep¬ 
ing  in  mind  the  inherent  uncertainty  in  any  projections.  A 
21  March  1986  letter  from  the  Office  of  the  Chief  of  Engi¬ 
neers  stated  our  policy  as  follows: 

(1)  Predicting  future  sea  level  rise  is  risky  be¬ 
cause  there  are  so  many  variables  and,  as  yet  undefined 
interrelationships. 

(2)  Until  substantial  evidence  indicates  otherwise, 
we  will  maintain  the  procedure  of  considering  only  local 
regional  history  of  sea  level  changes  to  project  a  rise  or 
fall  for  a  specific  project. 
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TOTAL  RISE  —  FEET 
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FIGURE  21 


i 


(3)  Where  long  periods  of  tidal  records  exist  and 
are  used  in  determining  the  exceedance  frequency  relationship 
for  coastal  flood  levels,  it  may  be  necessary  to  adjust  the 

water  level  records  for  relative  sea  level  changes  when  such  j 

changes  are  significant. 

(4)  Prudence  may  require  an  allowance  in  a  project 
design  for  continuation  over  the  project  design  life  of  an 
established  significant  long-term  trend  in  relative  sea  level 
r  ise . 

(5)  Consideration  must  be  given  to  the  relative 
magnitude  of  the  suggested  allowance  and  the  confidence  band 
of  the  data  the  designer  is  using  and  the  tolerance  allowed 
in  constructing  the  project. 

(6)  Consider  whether  it  is  more  cost  effective  to 
include  the  allowance  for  significant  sea  level  rise  in  the 
initial  construction  or  to  plan  for  modification  later  after 
the  need  for  such  is  demonstrated. 

As  events  continue  to  unfold  and  more  precision  is 
gained  in  estimating  future  sea  level  rise,  additional  Corps 
policy  guidance  is  sure  to  follow.  In  an  effort  to  make 
informed  policy  judgements  the  Corps  Coastal  Engineering 
Research  Center  is  conducting  an  annotated  bibliography  on 
sea  level  rise.  As  well,  plans  have  been  made  to  embark  on  a 
study  to  determine  the  impacts  of  sea  level  rise  on  coastal 
engineering.  On  20  June  1988,  NED  received  draft  Corps  guid¬ 
ance  relating  to  incorporation  of  sea  level  rise  in  feasibil¬ 
ity  studies.  This  guidance  recommended  a  sensitivity  analy¬ 
sis  using  historic  and  NRC  case  III  projections. 

d .  Effects  of  Rising  Sea  Level  on  Future  Tidal  Flood 
Frequency .  Storm  surges,  the  increased  water  levels  induced 

by  wind  stresses  and  the  barometric  pressure  reduction  as-  * 

sociated  with  hurricanes,  tropical  storms,  and  extratropical 
storms  will  be  modified  by  sea  level  rise  mostly  in  areas  of 
very  mild  offshore  slopes,  as  is  typical  of  many  southeastern 

states.  The  large  expanse  of  shallow  water  resulting  from  - 

higher  sea  levels  will  cause  increased  storm  surge  eleva¬ 
tions,  compared  to  areas  of  steep  offshore  slopes,  because 
surge  heights  are  proportional  to  both  the  length  and  inverse 
slope  of  the  offshore  bottom.  However,  if  the  shoreline  is 
fixed  and  offshore  water  depths  increase,  as  is  typical  of 
the  study  area,  then  the  storm  surges  will  be  less,  as  the 
surge  also  varies  inversely  with  absolute  water  depth  (NRC, 

1987).  Reduction  of  the  wind  stress  component  of  the  storm 
surge  can  be  estimated  by  the  relationship  of  Dean  and 
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Dalrymple  (1984)  where 


stress  storm 
way  of  illustra¬ 
tion,  for  a  representative  water  depth  of  30  feet,  a  5-foot 
maximum  storm  surge  (approximately  the  greatest  observed  at 
Boston)  would  be  reduced  by  about  0.1,  0.2,  0.4,  and  0.6  foot 
for  respective  sea  level  increases  over  the  next  100  years  of 
0.8,  1.6,  2.9  and  4.2  feet,  assuming  the  barometric  component 
of  storm  surge  is  about  20  to  30  percent  of  the  total.  Les¬ 
ser,  more  frequent,  surges  would  be  reduced  a  progressively 
smaller  amount.  Of  course,  relative  to  an  absolute  datum, 
the  total  flood  elevation  would  increase  by  0.7,  1.4,  2.5, 

and  3.6  feet,  respectively.  Figure  22  shows  the  natural 
Boston  Stillwater  tide  stage  frequency  curve  as  adjusted  for 
continued  historic  rate  of  rise  and  for  NRC  cases  I,  II  and 
III  rates  of  rise  over  the  next  100  years  with  the  reduction 
in  storm  surge  due  to  increased  depth  included. 

Table  38  compares  the  frequency  of  tidal  flooding  in 
2087  to  that  in  19^7  assuming  that  the  historic  rate  of  rise 
of  0.08  foot  per  decade  were  to  continue,  accounting  for  the 
reduction  of  s'orm  surge  with  depth  as  previously  discussed. 
Even  under  these  conditions  today's  100-year  flood  could 
become  about  a  25-year  event.  Considerable  flooding  and 
resulting  economic  and  environmental  loss  will  surely  be 
associated  with  increasing  ocean  levels. 


An 


max 


(^  n  '  h  ) . 
max  o 

S  "  (1+n  /h  ) 

max  o 

S  •  sea  level  increase,  n  *  maximum  wind 
surge,  and  h  ■  a  representative  depth.  By 


PERCENT  CHANCE  OF  OCCURRENCE  PER  YEAR 


TABLE  38 


FUTURE  FREQUENCY  OF  TIDAL  FLOODING 
BOSTON,  MASSACHUSETTS 


2087* 


Average 

1987 

Pro j  ec  ted 

Return 

Stillwater 

S  t i 1 lwa  ter 

Period 

Elevation 

Elevat ion 

(years ) 

(ft,  NGVD ) 

(ft,  ngvd!) 

10 

9.1 

9.8 

50 

10.0 

10.7 

100 

10.3 

1  1  .0 

*  Based  on  projecting  a  historic  rise  in  relative 
sea  level  of  about  0.)  foot  per  decade,  including 
estimated  surge  reduction  due  to  increased  depth. 


It  is  recommended,  in  accordance  with  the  previously 
referenced  Corps  policy,  that  the  natural  Stillwater  tide 
stage-frequency  relationship  for  the  Saugus  River  and  Trib¬ 
utaries  Study  at  least  account  for  projection  of  the  long 
term  uniform  historic  rate  of  sea  level  rise  (0.008  ft/yr) 
over  the  project  life,  approaching  an  increase  in  stage  of 
0.8  foot  over  a  100-year  period.  As  well,  qualitative  con¬ 
sideration  should  be  given  to  the  possible  future  effects 
that  accelerated  rise  (NRC  cases  I,  II,  and  III)  could  have 
on  the  project  and  environs.  We  should  not  design  for 
accelerated  rise  now,  however,  since  any  needed  additional 
protection  could  be  built  over  a  relatively  short  period  of 
time,  once  substantial  sea  level  increase  is  confirmed  (NRC, 
1987).  Rather,  the  sensitivity  of  the  protective  scheme 
should  be  qualitatively  evaluated  for  several  sea  level  rise 
scenarios,  keeping  in  mind  the  probability  of  increasing  sea 
level  and  keeping  all  response  options  open.  Alternatives 
ill-suited  for  retrofitting  should  be  avoided.  The  effec¬ 
tiveness  of  any  flood  protection  scheme  built  today  and  sub¬ 
jected  to  significant  sea  level  rise  in  the  future  would  be  a 
function  of  the  project's  durability  and  height.  Obviously, 
significant  sea  level  rise  could  cause  greater  wave  or  sea 
level  overtopping  as  well  as  undermining  of  the  structural 
integrity  of  any  flood  protection  device.  It  is  also  impor¬ 
tant  to  assess  the  effects  of  sea  level  rise  on  the  study 
area  if  no  project  is  built. 
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e .  Effects  of  Future  Sea  Level  Rise  on  Tidal  Flood 
Plain  Zones 

(1)  General .  It  was  requested  that  the  effects  of 
future  sea  level  rise  on  existing  natural  and  modified  stage 
frequencies  for  the  various  flood  plain  zones  be  examined. 
This  was  to  be  used  by  others  to  determine  approximate  eco¬ 
nomic  benefits,  attributable  to  the  project,  due  to  future 
rising  sea  level.  As  previously  discussed,  estimates  of 
future  rate  of  rise  vary  considerably.  However,  Corps  of 
Engineers  policy  is  to  consider  only  local  regional  history 
of  sea  level  changes  in  determining  economic  benefits. 
Therefore,  the  historic  rate  of  rise  of  about  0.1  foot  per 
decade  was  used  for  this  cursory  economic  assessment. 

( 2 )  Effects  on  Existing  Boston  Stillwater  Curve. 
Recognizing  the  difficulties  in  trying  to  precisely  determine 
the  impacts  of  a  future  gradual  rise  in  sea  level  on  existing 
8 tage-f r equency  relationships  it  was  decided,  for  simplicity 
sake,  to  estimate  stage-frequency  relationships  at  a  distant 
future  time  (say  100  years  hence).  Since  the  historic  rate 
of  rise  is  about  0.1  foot  per  decade,  the  future  sea  level 
condition  elevation  frequencies  would  be  the  existing  condi¬ 
tion  elevations  plus  approximately  1  foot.  It  is  noted  that 
this  assumption  is  not  precisely  correct  as  discussed  in  sec¬ 
tion  8d;  however,  it  is  felt  that  it  is  adequate  for  the  cur¬ 
rent  investigation.  Thus,  based  on  the  above  assumptions, 
the  adopted  future  sea  level  condition  Boston  Stillwater  ele¬ 
vation  frequencies  would  be  as  follows  in  100  years. 


Percent  Chance 

Existing  Condition 

Future  Condition 
(100  Years) 

Occurrence 

Elevation 

Elevat ion 

(ft,  NGVD)  (ft,  NGVD ) 


SPN 

12.0 

13.0 

0.2 

( 500-yr ) 

11.2 

12.2 

1 .0 

( 100-yr) 

10.3 

11.3 

10 

(  10-yr) 

9  .  1 

10.  1 

50 

(  2-yr ) 

8.3 

9.3 

(3)  Effects 

on  Natural 

Stage  Frequencies  for 

Interior  ZonesT  For  interior  zones  (  i  .  e  .  ,  those  not  direct ly 
bordering  the  estuary)  where  the  Boston  Stillwater  curve  is 
not  directly  applicable,  several  techniques  were  explored  in 
attempting  to  determine  future  sea  level  condition  natural 
curves.  First,  as  with  the  Boston  Stillwater  curve,  it  was 
assumed  to  simply  add  1  foot  to  all  previously  developed 


B- 122 


natural  stage  frequency  elevations.  Second,  noting  that  most 
zones  have  experienced  1978  flood  elevations  available,  it 
was  decided  to  assign  the  respective  experienced  1978  inter¬ 
ior  flood  elevations  the  frequency  of  occurrence  that  the 
1978  flood  ocean  Stillwater  level  would  have  on  the  future 
sea  level  condition  Stillwater  curve  (about  a  7  percent 
chance).  This  single  point  in  general  was  slightly  higher 
than;  however,  compared  well  with  the  curves  developed  in 
step  one.  Also,  it  is  felt  that  for  the  extremely  rare  fre¬ 
quencies  interior  flood  levels  (which  are  related  to  wave 
overtopping  and  local  drainage)  would  tend  to  reach  some 
maximum  elevation  and  most  likely  would  not  exceed  elevation 
14  to  15  feet  NGVD  for  a  1  foot  rise  in  sea  level  over  the 
next  100  years.  For  simplicity  sake  and  because  of  the  num¬ 
erous  uncertainties  (i.e.,  the  magnitude  of  sea  level  rise) 
it  was  decided  to  use  existing  interior  curves  plus  1  foot. 
This  approach  will  allow  reasonable  estimates  of  the  sensi¬ 
tivity  of  the  area  to  continued  historic  sea  level  rise. 

( 4 )  Effects  on  Project  Modified  Stage-Frequencies. 
Trying  to  quantify  the  effects  of  future  sea  level  rise  with 
a  tidal  floodgate  project  is  more  difficult.  A  1-foot  rise 
in  sea  level  would  have  effects  on  resulting  waves  and  wave 
overtopping.  Attempting  to  quantify  such  effects,  is  con¬ 
sidered  beyond  the  scope  of  current  studies.  A  simplified 
means  of  determining  future  sea  level  condition  project  modi¬ 
fied  curves  was  developed  as  follows: 

(a)  The  existing  sea  level  condition  and  fut¬ 
ure  sea  level  condition  (existing  plus  l  foot)  natural  rela¬ 
tionships  were  analyzed. 

(b)  For  a  given  frequency  of  occurrence,  the 

existing  sea  level  condition  project  modified  elevation  was 
determined  (i.e.,  1  percent  chance,  project  modified  eleva¬ 

tion  of  7.4  feet  NGVD)  reference  table  17. 

(c)  This  project  modified  elevation  was  then 
assigned  a  future  sea  level  condition  frequency  based  on  the 
frequency  shift  of  the  natural  curve  from  existing  to  future 
sea  level  conditions.  In  the  case  of  the  existing  natural 

1  percent  chance  flood  its  future  frequency  of  occurrence 
would  be  about  7  percent.  This  was  repeated  for  a  range  of 
frequencies  to  produce  the  future  sea  level  condition  project 
modified  curves.  Typical  estimated  future  sea  level  condi¬ 
tion  natural  and  project  modified  curves  are  shown  on  plate 
8.  Estimated  future  condition  elevation  frequencies  with  and 
without  project  (SPN  Design  Level)  are  shown  in  table  39. 
Estimated  future  condition  elevation  frequencies  with  and 
without  protection  at  Point  of  Pines  are  shown  in  table  39A. 
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Zone  3  -  Estimated  Future  Sea  Level  Natural 
(Upper  Limit) 

Modified  By  Tidal  Protection 
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f .  Effect  of  Rising  Sea  Level  on  Tide  Ranges  and  Cur¬ 
rents.  The  increase  in  sea  level  in  many  sheltered  embay- 
ments  will  be  felt  predominantly  through  an  increased  water 
level.  The  depth  increase  will  facilitate  the  propagation  of 
tidal  waves  due  to  depth  dependence.  Many  areas  which  have 
sedimentation  rates  of  the  same  order  as  the  relative  sea 
level  rise  will  notice  minimal  change  in  tidal  characteris¬ 
tics.  Since  sediment  input  to  the  Saugus  and  Pines  Rivers 
Estuary  is  limited,  it  is  felt  that  increased  sea  level  will 
bring  the  estuarine  tidal  regime  into  closer  phase  with  that 
in  the  open  coast.  Since  most  of  the  area,  except  the  Sea 
Plane  Basin  (plate  9),  is  now  nearly  in  phase  these  changes 
will  generally  be  minimal. 

The  tidal  prism  may  be  substantially  increased  if  signi¬ 
ficant  sea  level  rise  occurs  since  the  Saugus  Marsh  area 
which  is  now  at  about  mean  high  water  will  routinely  be 
flooded  to  much  greater  depth  than  the  present.  Also  shore¬ 
line  retreat  could  further  increase  the  prism  volume.  The 
deeper  water  will  also  increase  prism  exchange  by  reduction 
of  friction  at  the  tidal  entrance  due  to  deeper  water. 

O'Brien  (1969)  has  shown  a  relationship  between  increase  in 
tidal  prism  and  increase  in  cross  sectional  area  of  a  sandy 
tidal  inlet,  indicating  they  are  directly  proportional. 

Table  40  developed  from  the  existing  capacity  curve  for  the 
Saugus  and  Pines  estuary  shows  potential  changes  in  mean  and 
maximum  tidal  prism  or  flushing  volume  for  various  cases  of 
sea  level  rise.  In  actuality,  erosion  may  significantly 
alter  future  tidal  volumes.  Tidal  currents  would  be  expected 
to  increase  similarly  to  the  tidal  prism.  Additionally,  the 
change  in  tidal  prism,  assuming  the  proposed  floodgate  would 
be  closed  for  astronomic  tides  exceeding  7.5  feet,  NGVD,  has 
been  included. 


This  would  indicate  that  under  natural  conditions  the 
entrance  to  the  Saugus  River  could  begin  a  somewhat  expan¬ 
sionist  tendency  which  may  at  some  point  require  evaluation 
of  some  measures  to  control  erosion  on  the  banks  and  channel 
scouring  which  may  cause  problems  at  the  existing  bridge 
overpass.  If  the  proposed  tidal  floodgate  is  constructed 
across  the  Saugus  River  mouth,  this  problem  may  be  somewhat 
reduced  since  the  river  will  be  constrained  to  flow  through 
the  concrete  structure.  However,  with  very  large  sea  level 
rise,  currents  during  mean  tides  through  the  gated  openings 
could  increase  dramatically,  possibly  necessitating  evalua¬ 
tion  of  additional  measures,  such  as  locks  or  more  gates. 

This  should  not  be  as  much  of  a  problem  if  the  N4  or  EN 
schemes  are  adopted  now.  Floodgate  frequency  of  operation 
would  probably  be  increased  since  many  inshore  areas  would  be 
flooded  by  normal  high  tides.  Table  41  shows  the  sensitivity 
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4 

of  floodgate  closure  to  sea  level  rise  assuming  that  no 
localized  protective  works  or  relocations  are  undertaken. 

This  table  is  based  on  data  from  the  NWS  "Tide  Climatology 
for  Boston,  Massachusetts"  which  includes  an  adjustment  for 

historic  rising  sea  level.  A  rise  of  2  feet  or  more  could  i 

necessitate  consideration  of  locks  and  pumps  due  to  the  long 
period  each  year  when  the  gates  would  be  closed.  Water  qual¬ 
ity  during  closure  could  also  be  adversely  affected.  As  an 
alternative,  the  start  of  damage  could  be  elevated  by  con¬ 
structing/raising  walls  and/or  dikes  around  the  estuary. 

Additionally,  tides  of  the  greater  Boston  area  are  part 
of  the  Gulf  of  Maine  system  whose  tidal  dynamics  are  near 
resonance.  Small  changes  in  sea  level  could  have  significant 
effects  on  the  ocean  tidal  heights  and  currents  by  altering 
this  resonant  condition.  The  threat  of  large  sea  level  rise 
could  make  further  research  on  this  issue  a  reality. 


TABLE  41 

FLOODGATE  CLOSURES  WITH  SEA  LEVEL  RISE 
~  (No  Change  Tn  Start  of  Damage) 


Sea  Level 
Condi t ions 


Average 
Annual  Number 
Of  High  Tides 
>7.5* 
(ft,  ngvd) 


Average 
Annual  Number 
Of  Floodgate 
Closures 


Typical 
Duration  of 
Gate  Closure 
( hours ) 


Today 

6 

l 

foot  rise 

80 

2 

foot  rise 

400 

3 

foot  rise 

625 

4 

foot  rise 

675 

2-3 

1-2 

35-45 

2-3 

175-225 

3-4 

400-450 

4-5 

575-600 

5-6 

i 


g.  Effects  of  Rising  Sea  Level  on  Waves  .  Two  differ¬ 
ing  phenomena  need  to  be  considered  when  examining  the  effect 
of  increased  sea  level  on  wave  propagation.  First,  when 
waves  are  generated  in  deep  ocean  waters  and  progress  shore¬ 
ward  over  the  Continental  Shelf,  the  waves  are  dampened. 

This  dampening  is  related  to  the  width  of  the  shelf  and  depth 
of  water.  The  physics  involved  are  quite  complex.  The  NRC 
(1987)  has  shown  as  an  example  (Dean  and  Dalrymple,  1984) 
that  for  a  depth  of  33  feet,  shelf  width  of  6.2  miles,  wave 
period  of  8  seconds,  initial  wave  height  of  6.6  feet,  fric¬ 
tion  coefficient  of  0.01  and  sea  level  rise  of  3.3  feet,  a 
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0.2  foot  or  about  3  percent  increase  in  wave  height  would  be 
expected.  The  NSC  indicates  that  this  small  increase  is  not 
likely  to  cause  changes  of  substantial  engineering  signifi¬ 
cance. 


The  second  case  involves  waves  which  are  generated  by 
the  wind  as  it  passes  across  the  Continental  Shelf  waters. 
Here,  wave  growth  will  be  enhanced  by  the  deeper  water  be¬ 
cause  of  the  diminished  effect  of  bottom  friction.  This 
effect  can  be  estimated  for  the  case  of  very  long  fetch  using 
the  Shore  Protection  Manual  (Corps  of  Engineers,  1984), 
shallow  water  wave  forecasting  relationship.  Simplifying, 

£H  -  (0.75  H)S 

h 

where  AH  *  change  in  wave  height,  S  ■  increase  in  water 
depth,  H  ■  original  wave  height,  and  h  ■  representative  water 
depth.  For  the  same  values  of  the  previous  example,  wave 
height  would  increase  about  0.5  foot  or  7.5  percent. 

The  combined  effect  of  reduced  wave  dampening  and  aug¬ 
mented  wave  generation  would  result  in  larger  wave  heights  in 
the  surf  zone.  Larger  amounts  of  sediment  would  be  moved  and 
greater  wave  forces  and  potential  for  overtopping  would 
exist.  In  the  coastal  area  of  the  project  this  could  mean 
accelerated  beach  erosion  along  Revere  Beach,  Point  of  Pines, 
and  Nahant  Beach.  With  excessive  sea  level  rise  and  no  con¬ 
tinuing  maintenance,  breaching  of  barrier  or  causeway  beaches 
cannot  be  ruled  out  as  well  as  undermining  and  failure  of  ex¬ 
isting  seawalls  and  revetments.  Minor  sea  level  rise,  in  the 
order  of  historic  rates,  will  at  least  create  greater  wave 
overtopping  and  flooding  behind  coastal  structures.  The 
amount  of  impact  will  increase  as  sea  level  rise  increases. 
Major  structural  actions  or  abandonment  may  be  necessary  in 
the  future  in  the  study  area  and  all  along  the  United  States 
Coast,  if  large  accelerated  sea  level  increase  occurs.  Local 
assurances  for  the  project  should  require  that  local  inter¬ 
ests  maintain  the  present  configuration  of  protection  along 
Revere  Beach,  Point  of  Pines  and  the  Nahant  Causeway. 

h .  Effects  of  Rising  Sea  Level  on  the  Coastal  Zone. 

Mean  sea  level  is  one  of  the  primary  factors  determining 
shoreline  position  along  sandy  coastlines  such  as  exist  in 
the  study  area.  It  has  been  suggested  by  Swift  et  al.  (1972) 
that  a  relationship  exists  between  sediment  supply,  wave 
energy,  sea  level  and  shoreline  position.  Rising  relative 
sea  level  will  tend  to  promote  shoreline  recession,  except 
when  the  influx  of  sediment  can  offset  this  recession.  The 
present  eroded  state  of  Revere  Beach  is  testimony  to  the 
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argument  that  sediment  influx  is  insufficient  under  present 
conditions  to  offset  shoreline  recession  and  that  under  fu¬ 
ture  accelerated  sea  level  rise  things  will  just  get  worse. 
The  link  between  shore  retreat  and  sea  level  rise  based  on 
examination  of  beaches  both  developed  and  undeveloped,  world¬ 
wide,  indicates  that  the  relationship  is  causal  in  nature 
( NRC ,  1987).  However,  in  some  locations,  man's  activities 
relating  to  construction  of  seawalls,  jetties,  etc.  have 
probably  increased  shoreline  recession. 

Bruun  (1962)  was  the  first  individual  to  formulate  a 
relationship  between  rising  sea  level  and  the  rate  of  natural 
shoreline  erosion.  His  basic  premise  is  that  each  beach  will 
try  to  maintain  an  "equilibrium  profile,"  where  material  re¬ 
moved  during  shoreline  retreat  is  transferred  onto  the  adja¬ 
cent  inner  shelf,  thus  maintaining  the  original  beach  profile 
and  near  shore  shallow  water  conditions.  Of  course  this  con¬ 
cept  is  mainly  applicable  to  natural  beaches  rather  than 
those  protected  by  seawalls  as  exist  in  the  study  area.  How¬ 
ever,  for  comparative  purposes  examination  of  Bruun's  concept 
is  warranted.  In  general,  Bruun's  relationship  shows  that  for 
a  sea  level  rise  S,  the  shoreline  retreat  will  be  about  100S. 
Table  42  presents  possible  shoreline  retreat  for  varying  in¬ 
creases  in  sea  level. 


TABLE  42 

NATURAL  BEACH  RESPONSE  TO 
RISING  SEA  LEVEL 


Scenario 

2087 

Sea  Level 
Increase 
(feet) 

Shore  1 ine 
Retreat 
by  Bruun 
Relationship 
(  f  eet ) 

Projected 

Historic  Rise 

0.8 

80 

NRC  Case  I 

1  .6 

160 

NRC  Case  II 

2.9 

290 

NRC  Case  III 

4.2 

420 

It  should  be  noted  that  areas  like  the  Nahant  Causeway, 
Revere  Beach,  Point  of  Pines  will  likely  be  subjected  to 
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greater  erosional  forces  as  indicated  by  Bruun's  relation¬ 
ship.  Erosion  will  occur  on  beaches  and  at  the  base  of  sea¬ 
walls  and  revetments,  possibly  causing  undermining  leading  to 
failure,  unless  stringent  maintenance  practices  are  followed. 
Breaching  of  beach  barriers  cannot  be  ruled  out.  Major 
structural  actions  or  abandonment  may  be  required  to  hold 
back  the  sea  with  major  sea  level  rise.  Breaching  of  the 
Nahant  Causeway  could  seriously  threaten  Lynn  Harbor  which  is 
now  protected  from  deep  ocean  waves.  The  degree  of  shoreline 
erosion  is  closely  related  to  the  amount  of  sea  level  rise. 
Continued  historical  rate  of  rise  will  see  a  minor  increase 
in  erosion.  Whereas,  accelerated  rise  (NRC  cases  I,  II,  III) 
could  see  progressively  accelerating  erosion.  Significant 
expenditures  will  likely  be  necessary  if  the  effects  of  a 
large  increase  in  sea  level  are  to  be  curbed.  The  project 
local  assurances  should  require  that  local  interests  maintain 
existing  protection  along  Revere  Beach,  Point  of  Pines  and 
the  Nahant  Causeway. 

Holding  back  the  sea  as  water  levels  rise  will  almost 
always  be  technically  feasible;  however,  in  some  cases  it 
may  not  be  economically  or  environmentally  sound.  Without 
political  or  emotional  considerations,  economics  will  be  the 
final  arbiter  in  deciding  whether  or  not  to  retreat  (NRC, 
1987)  . 


i .  Hydraulic  Effects  of  Rising  Sea  Level  on  Tidal 
Estuary.  The  intent  of  this  section  is  not  to  address  the 
biological  implications  of  sea  level  rise  (see  Environment 
Impact  Report),  but  rather  to  speak  of  hydraulically  induced 
physical  changes  which  will  alter  the  present  estuary  regime. 
Previously  the  potential  for  significant  increase  in  tidal 
prism  was  discussed.  As  the  prism  increases,  shallow  bays 
may  expand  rapidly  in  response  to  a  rise  both  because  of 
gentle  slope  and  erosion  of  adjacent  land  areas  in  response 
to  water  level  increases  (NRC,  1987).  As  well,  if  the  prism 
increases,  there  is  likely  to  be  a  corresponding  increase  in 
the  volume  of  shoals,  the  increase  in  shoal  volume  being  re¬ 
lated  to  erosion  of  the  surrounding  land  areas.  In  the  case 
of  the  Saugus  Marsh,  its  perimeter  is  already  bordered  by 
intense  urban  development  which  itself  would  be  subject  to 
possible  routine  inundation  with  significant  sea  level  rise. 
In  the  absence  of  increased  flood  protection  many  low  lying 
urban  areas  may  be  abandoned  allowing  gradual  expansion  of 
the  tidal  flood  plain  area.  Walls/dikes  could  also  be  built 
to  prevent  flooding  and  thus  prevent  flood  plain  expansion. 
Geise  (1987)  has  recently  quantified  potential  passive  loss 
of  these  upland  areas  in  Massachusetts  for  various  scenarios 
of  sea  level  rise.  His  results  for  Lynn,  Saugus  and  Revere 
are  shown  in  table  43.  With  improved  flood  protection,  flood 
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plain  expansion  would  be  curbed.  Although  generally,  most 
estuaries  do  receive  adequate  sediment  supply  to  compensate 
for  current  sea  level  rise,  it  is  felt  that  upstream  develop¬ 
ment  already  significantly  limits  freshwater  sediment  supply 
to  the  area.  With  significant  increase  in  sea  level  rise, 
sediment  replenishment  will  likely  be  even  less  significant. 

Near  the  present  upstream  limit  of  tidal  effects  on  the 
Saugus  River,  rising  sea  levels  will  promote  saltwater  intru¬ 
sion.  The  tide  gate  of  the  Pines  River  will  limit  upstream 
progression  of  tidal  influence  there. 

The  mechanism  of  loss  of  flood  plain  lands  with  a  large 
increase  in  sea  levels  will  be  the  formation  of  extensive 
interior  ponds  allied  with  general  tidal  creek  bank  erosion 
and  headward  growth  as  tidal  prisms  increase  (NRC,  1987). 
Further  discussion  of  related  biological  factors  is  presented 
in  the  Environment  Impact  Report. 

j •  Effect  of  Rising  Sea  Level  with  Flood  Protection 
Measures .  Flood  protection  measures  are  generally  built  to 
provide  protection  up  to  some  design  flood  event.  Frequently 
this  is  the  100-year  flood.  The  height  of  the  flood  control 
structure  is  usually  set  several  feet  above  this  design  flood 
Stillwater  level  to  allow  a  factor  of  safety  and  to  substan¬ 
tially  minimize  any  wave  runup  and  overtopping.  Increased 
sea  level  will  tend  to  reduce  the  factor  of  safety  over  the 
project  life  and  allow  for  gradually  increasing  wave  runup 
and  overtopping.  Past  New  England  Division  policy  has  been 
to  allow  2  or  3  feet  above  design  Stillwater  level  for  a 
factor  of  safety,  on  concrete  walls  and  earthen  dikes,  re¬ 
spectively,  where  minimal  wave  action  is  expected.  Where 
significant  wave  action  is  likely,  the  height  is  increased  to 
reduce  wave  overtopping  to  manageable  amounts  (see  paragraph 
11b).  It  has  been  recommended  that  a  height  allowance  of  no 
less  than  2  feet  be  added  to  design  Stillwater  level  for  all 
Saugus  and  Pines  Rivers  area  tidal  protection  which  is  de¬ 
signed  to  withstand  some  degree  of  wave  overtopping.  The 
height  allowance  should  be  increased  to  a  minimum  of  3  feet 
if  the  protection  is  not  designed  for  overtopping.  At  some 
future  date,  additional  studies  may  need  to  be  conducted  to 
determine  if  structure  height  needs  to  be  increased  due  to 
accelerated  sea  level  rise  and  increasing  wave  overtopping. 

In  order  to  maintain  the  design  level  of  protection,  height 
increases  would  be  at  least  equal  to  the  sea  level  rise. 

The  operation  of  any  flood  protection  scheme  will  also 
be  impacted  by  sea  level  rise.  In  the  case  of  "separate 
local  protection  projects"  the  closure  of  flap  gates  and 
ponding  of  interior  runoff  will  become  more  frequent.  Large 
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increase  in  sea  level  might  necessitate  the  addition  of  pump¬ 
ing  stations  to  pump  interior  runoff  through  the  line  of  pro¬ 
tection,  increased  sea  level  having  minimized  the  effective¬ 
ness  of  gravitational  discharges. 

The  Regional  Saugus  River  Floodgate  Plan  will  also  expe¬ 
rience  changed  operation  due  to  large  increase  in  sea  level. 
As  presently  formulated  the  floodgates  would  be  closed  only  a 
few  times  per  year  when  storm  tides  are  expected  above  -1-8.0 
feet  NGVD,  this  being  the  approximate  start  of  flood  damage. 
Normal  tides,  nearly  all  the  time,  will  be  allowed  to  pass 
virtually  unobstructed  through  the  open  gates.  However,  with 
large  sea  level  rise,  normal  nonstorm  high  tides  could  fre¬ 
quently  cause  flood  damage  throughout  the  area.  This  could 
necessitate  very  frequent  closure  of  tidal  floodgates  during 
nonstorm  periods  to  protect  low  lying  residential  areas  in 
the  future  if  localized  protection  or  relocation  is  not 
implemented  (see  table  41).  Frequent  floodgate  closure  in 
this  instance  would  minimize  water  depths  during  frequent 
periods  of  prolonged  estuary  inundation.  Additionally, 
increased  wave  overtopping  entering  the  backshore  ponding 
area  may  necessitate  earlier  closure  of  tidal  floodgates 
during  storms  to  assure  that  ample  ponding  area  is  available. 
The  large  amount  of  storage  available  makes  it  unlikely  that 
large  sea  level  rise  would  mandate  the  addition  of  pumps  at 
the  floodgate  structure  to  carry  interior  runoff  although 
this  option  cannot  be  ruled  out. 

As  previously  stated  currents  through  the  gated  openings 
would  increase  with  a  large  increase  in  sea  level  (table  40). 
Studies  may  be  necessary  in  the  future  to  address  this  poten¬ 
tial  problem  possibly  through  the  use  of  locks  or  additional 
gated  openings.  As  well,  sedimentation  in  the  river  channels 
would  be  expected  to  increase  with  increased  erosion  in  the 
tidal  marsh  area.  Erosion  prompted  by  large  sea  level  rise 
may  necessitate  significant  maintenance  activities  throughout 
the  protected  area  to  assure  continued  flood  protection, 
especially  along  Revere  Beach  itself. 

k.  Perspect ive .  In  the  preceding  sections,  historical 
sea  level  rise  and  National  Research  Council  scenarios  of 
potential  increased  future  sea  level  rise  have  been  discus¬ 
sed.  Possible  increases  in  flood  frequency,  tidal  ranges  and 
currents,  waves  and  coastal  erosion  have  been  explained.  The 
significant  hydraulic  erosional  threat  to  tidal  flood  plains 
has  been  identified.  Flood  protection  measures  constructed 
today  may  be  affected  by  large  sea  level  rise.  This  may 
increase  operation  and  maintenance  costs  in  years  to  come  and 
may  necessitate  additional  future  studies  to  increase  project 
effect ivene  s  s  . 
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It  is  important  to  realize  that  large  sea  level  rise 
would  be  a  worldwide  problem  with  many  major  urban  centers 
being  faced  with  potential  significant  flooding  and  other 
problems.  Although  discussion  has  focused  on  the  project 
area,  the  effect  on  a  national  level  would  be  huge.  Major 
economic  resources  would  be  required  throughout  the  country 
to  deal  with  this  problem  if  it  materializes. 

The  best  course  of  action  at  present  is  not  to  panic  but 
stay  aware  and  closely  monitor  the  situation  and  be  prepared 
to  act  when  increased  rise  can  be  predicted  with  high  confi¬ 
dence. 
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ADDENDUM  I 


CONSTRUCTION  SEQUENCE 
HYDRAULIC  CONSIDERATIONS 


The  proposed  construction  sequence  for  the  project  is  fully 
described  in  the  Design  and  Cost  Appendix.  In  summary  it 
involves:  (1)  dredging  a  temporary  bypass  navigation  channel 

and  dredging  to  finish  grade  at  flushing  gate  locations;  (2) 
installing  ring  cofferdam  and  building  navigation  gate;  (3) 
concurrently,  installing  braced  cofferdam  and  building  first 
four  tainter  gates  and  gravity  wall  on  north  (Lynn)  side 
(mid-tide  flow  area  of  about  5,500  square  feet  maintained 
until  braced  cofferdams  removed);  (4)  with  four  completed 
tainter  gates  and  navigation  gate  open,  construct  braced  cof¬ 
ferdam  and  build  south  (Revere)  tainter  gate;  (5)  concur¬ 
rently,  install  braced  cofferdam  for  remaining  five  tainter 
gates  ( 5 , 700-square  foot  flow  area  maintained  below  mid¬ 
tide);  (6)  completed  south  (Revere)  tainter  gate  is  opened 
and  Revere  gravity  wall  and  dike  are  constructed  (5,300 
square  feet  of  flow  area  maintained  below  mid-tide  level); 

(7)  all  cofferdams  removed  and  all  gates  open  for  remainder 
of  construction  (8,800-square  foot  flow  area  below  mid-tide 
level). 

Since  at  least  5,200  square  feet  of  flow  area  will  be  main¬ 
tained  below  mid-tide  at  all  times,  it  is  expected  that 
hydraulic  effects  will  be  similar  to  that  for  the  N3  scheme 
described  in  table  25.  Average  mid-tide  currents  will  be 
about  3  feet  per  second,  reaching  up  to  just  over  5  feet  per 
second  during  extreme  spring  tides.  Basin  tide  levels  will 
not  appreciably  change  although  a  very  small  (0.5  to  3  per¬ 
cent)  reduction  in  tidal  flushing  may  temporarily  occur. 

The  preliminary  CEWES  proposed  mathematical  hydrodynamic 
modelling  (attachment  2)  includes  a  future  evaluation  of 
local  current  patterns  and  flushing  to  be  expected  during  the 
construction  sequence.  Model  results  will  allow  refined 
evaluation  of  riprap  requirements  for  protection  of  coffer¬ 
dams  and  shoreline  property  from  any  possible  scour  and  ero¬ 
sion  during  construction. 
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ADDENDUM  II 


PROPOSED  HYDRAULIC  AND  NAVIGATION 
MODEL  STUDIES 


In  response  Co  comments  raised  at  Che  Issue  Resolution  Con¬ 
ference  held  18-19  October  1988,  CENED  formally  requested  a 
proposal,  cost  estimate  and  schedule  from  CEWES  relative  to 
future  model  studies.  Pending  a  future  meeting  between 
CENED,  CEVES,  and  HQUSACE  to  refine  the  modelling  proposal, 
CENED  has  provided  CEWES  some  comments  on  the  proposal.  Af¬ 
ter  the  draft  feasibility  report  has  been  sent  to  HQUSACE  for 
review  in  the  spring  of  1989  and  funds  become  available,  re¬ 
finement  of  the  modelling  scope  will  commence.  This  addendum 
contains  correspondence  in  reference  to  the  above. 
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DISPOSITION  FORM 

For  im  of  tfi»  form,  mo  AH  300-18  mo  proponent  roontv  ■«  TAGO. 


REFERENCE  OR  OFFICE  SVMEOL  I  SUBJECT 


CENED-ED-WQ 


Model  Study  Meeting  -  Saugus  River  Floodgate 


Memo  for  the  Record 


from  Chief,  Hydraulics  &0ATE 
Water  Quality  Section 


10  Mar  89  «*T  i 

Mr.  Wener/mbc/7686 


1.  On  I  March  1989,  the  following  individuals  met  at  the  Waterways 
Experiment  Station  (WES)  to  discuss  modelling  requirements  for  the 
Saugus  River  Floodgate  Project,  specifically  the  WES  proposal  of  27  Jan¬ 
uary  1989  and  NEC's  letter  expressing  concerns,  dated  7  February  1989 
(copy  attached).  Mr.  Wener  was  at  WES  on  other  business  at  the  time  and 
it  seemed  useful  to  meet  to  further  discuss  NEC's  concerns  relative  to 
the  Saugus  River  Project. 


WES 

Bill  Martin 
Chris  Hewlet 
Carl  Huval 
Glen  Pickering 
NEC 

Chuck  Wener 


-  Estuaries  Civ,  Estuarine  Eng  Br 

-  Waterways  Civ,  Navigation  Br 

-  Waterways  Civ,  Navigation  Br 

-  Hydraulic  Structures  Division 

-  Hydraulics  &  Water  Quality  Sec 


2.  The  meeting  began  with  a  general  discussion  of  the  project,  then 
focused  on  concerns  raised  in  the  7  February  1989  NEC  letter.  These 
discussions  are  summarized  as  follows  in  order  of  appearance  in  the  NEC 
letter. 

a.  Concern  discussed,  no  comments. 

b.  Construction  phases  were  discussed  and  WES  will  revise  appro¬ 
priately. 

c.  WES  indicated  that  the  construction  sequence  will  likely  be  the 
critical  period  for  flushing  and  navigation.  It  will  be  important  to 
address  this  period  in  the  model.  The  recent  monetary  settlement  be¬ 
tween  the  Massachusetts  Bay  Transportation  Authority  (MBTA)  and  the 
lobstermen  and  General  Electric  regarding  the  inability  to  open  the 
Saugus  River  commuter  rail  brid.ge  was  discussed.  We  may  be  subject  to 
claims  if  we  change  navigation  conditions  during  construction. 

d.  It  appears  reasonable  to  use  the  13-foot  tide  range  for  design 
related  to  navigation  currents.  However,  the  maximum  14.7-foot  range 
may  be  more  appropriate  for  r ipr ap/ s t r uc t ur a  1  design.  The  normal  spring 
tide  range  (II  feet)  may  need  to  be  used  in  initial  mathematical  model 
setup  and  calibration  for  reasons  of  computational  stability. 

e.  It  was  generally  agreed  that  mathematical  sediment  modelling 
could  be  eliminated.  General  sediment  patterns  could  be  identified 
using  "glass  beads"  in  the  physical  model  at  less  cost  and  accuracy. 

f.  NED  can  use  WES  design  criteria  for  sizing  riprap.  However,  if 
riprap  is  tested  in  the  physical  model,  less  and/or  smaller  riprap  may 
be  justified  since  design  criteria  is  generally  conservative. 
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g.  The  physical  model  can  be- used  to  develop  discharge  coefficients 
for  the  gates  including  the  effect  of  flared  entrances  and  rounded  cor¬ 
ners.  Otherwise,  conservatively  low  coefficients  must  be  assumed.  The 
difference  in  required  gate  size  could  be  significant.  As  well,  the 
physical  model  can  determine  near  field  currents  3-dimens ionally  through 
the  structure  itself.  These  are  the  currents  the  vessels  will  feel. 

The  mathematical  model  cannot  really  determine  these  currents  at  the 
structure. 

h.  WES  feels  that  "tow  tank  tests"  may  be  rightfully  chargeable  to 
the  project.  "Upgraded  computer  technology"  may  not  be  needed  if  the 
design  vessel  is  the  General  Electric  fuel  barge.  WES  did  not  feel  that 
a  "desk  top"  study  could  be  done.  The  possibility  of  using  a  small 
scale  electric  boat  in  the  physical  model  to  do  navigation  tests  was 
discussed.  This  approach  may  cost  much  less  and  take  less  time.  Fur¬ 
ther  discussion  of  navigation  requirements  is  needed  to  resolve  this 
issue . 

i.  Tide  and  current  data  must  be  synoptic  to  be  used  for  model 
calibration;  therefore,  past  data  likely  can't  be  used.  However.  NED 
could  provide  boats  and  labor  to  assist  in  future  data  collection. 

j.  It  was  noted  that  preliminary  navigation  model  results  would  be 
available  in  May  1991  and  final  report  completed  in  November  1991.  This 
means  that  preliminary  results  would  be  available  in  the  20th  month  of 
study.  WES  has  revised  scheduling  charts  to  be  consistent. 

k.  Concern  discussed,  no  comment. 

l.  The  size  of  the  gate  openings  may  be  refined  during  the  model 
studies.  Structural  people  should  look  at  protection  of  gates  in  saline 
environment.  Also,  WES  felt  that  there  may  be  problems  closing  miter 
gates  during  maximum  currents.  This  should  be  closely  examined  in 
design.  Also,  miter  gates  can  easily  be  damaged  by  vessel  impact. 

Miter  gates  can't  stand  much  reverse  head. 

m.  Mathematical  sediment  modelling  will  likely  be  eliminated. 

n.  Concern  discussed,  no  comment. 

o.  Concern  discussed.  This  item  will  not  likely  be  part  of  WES' 
scope  of  work. 

p.  Progress  reports  and  meetings  will  be  included. 
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3.  It  should  be  noted  that  further  discussions  are  still  needed  to 
finalize  the  WES  scope  of  work  subsequent  to  submittal  of  the  draft 
planning  report  to  OCE .  Any  additional  OCE  comments  can  also  be  dis¬ 
cussed  at  that  time. 


Atch 


tL. 


J.  WENER 


CHARLES 
Chief,  Hydraulics  & 
Water  Quality  Section 


CF: 

Attendees  at  meeting 
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CENED-ED-WQ  (CENED-ED-WQ/ 15  Dec  88)  2d  End  Mr.  Wener/ 
dap /  617-647-8686 

SUBJECT:  Model  Study  -  Saugus  River  Flood  Control  Project 


Commander,  New  England  Division,  Corps  of  Engineers,  424 
Trapelo  Road,  Waltham,  MA  02254-9149  7  February  1989 

FOR  Coaaander  and  Director,  Waterways  Ezperiaent  Station, 

ATTN :  CEVES-HE-E/Mr.  William  D.  Martin,  P.0.  Box  631, 

Vicksburg,  MS  39180-0631 


1 .  New  England  Division  has  reviewed  your  proposal  for  com¬ 
prehensive  aodel  studies  for  the  Saugus  River  Flood  Control 
Project.  Generally  we  find  the  proposal  to  be  well  thought 
out  and  prepared  in  a  very  professional  Banner,  especially 
in  light  of  the  short  timeframe  allocated  for  your  efforts. 

2.  We  agree  that  future  meetings  must  be  held  between  CEWES, 
CENED,  and  HQUSACE  personnel  to  further  refine  the  proposal 
to  our  mutual  satisfaction.  The  estimated  cost  is  especially 
sensitive  due  to  the  local  sponsor  cost  sharing  requirement. 

A  meeting  might  be  appropriate  after  the  draft  feasibility 
report  is  submitted  to  HQUSACE  in  the  spring  of  1989.  At 
that  time  and  as  funds  become  available,  we  will  initiate  the 
refinement  process.  In  the  interim,  several  thoughts  on  the 
proposal  are  presented  for  future 'cons ideration. 


a.  Page  1,  paragraph  3.  The  floodgate  proposal  as 
presently  formulated  is  believed  to  produce  negligible 
changes  in  the  tidal  regime  and  flushing/circulation  within 


the  estuary  and  adjacent  ecologically  significant  wetlands. 
Any  future  optimized  proposals  must  meet  the  same  objectives 
to  have  a  high  probability  of  being  implemented. 


b. 

should 


Page  6,  Construction  Phase  Tests.  This  section 
indicate  that  the  construction  under  Phases  1A  and  IB 


will  be  simultaneous,  with  the  cofferdam  being  removed  for 
each  gate  structure  (e.g.  -  miter  gate  and  Lynn  tainter 
gates)  when  construction  of  that  respective  structure  is 
finished . 


c.  Page  6,  paragraph  1.  Since  it  is  "doubtful  that  any" 
of  the  construction phases ^vill  provide  problems  and  require 
further  testing",  can  this  aspect  be  deleted  from  the  model 
study? 
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d.  Page  6,  paragraph  2.  It  ia  questioned  if  the  "normal 
spring  tide  range"  (scan  spring  tide  range  equals  11  feet)  is 
appropriate  as  the  design  tide  range  since  it  is  exceeded 

by  20  percent  of  all  tide  ranges.  The  tide  range  which  is 
exceeded  by  5  percent  of  all  ranges  (about  13  feet)  nay  be 
■ore  appropriate  as  the  design  range.  This  may  be  signifi¬ 
cant  since  the  tide  range  has  a  relatively  large  realn  of 
variability. 

e.  Page  6,  paragraph  3.  Since  "the  area  has  not  experi¬ 
enced  shoaling  probleas  and  it  is  not  likely  that  the  project 
will  cause  new  probleas",  can  sediment  transport  modeling  be 
eliminated  from  the  study? 

f.  Page  6.  paragraph  4.  Can  riprap  design  be  accom¬ 
plished  by  CENED  using  hydrodynamic  model  results  and  current 
CEWES  criteria? 

g.  Page  7,  paragraphs  1  and  2.  Previous  discussions  re¬ 
garding  modeling  requirements  for  the  project  indicated  that 
mathematical  hydrodynaaic  analysis  should  be  sufficient.  Is 
the  additional  accuracy  gained  in  the  physical  model  now  be¬ 
ing  proposed  worth  the  added  expense? 

h.  Page  7,  paragraph  4.  The  navigation  model  would 
require  "additional  development  activities"  to  include  "tow 
tank  tests"  and  "upgraded  computer  technology".  It  does  not 
seem  appropriate  to  ask  the  local  sponsor  to  cost  share  in 
research  and  development  activities.  In  lieu,  could  a  scaled 
down  "desk  top"  navigation  study  be  conducted  to  establish  a 
reasonable  design  width,  tidal  range,  and  maximum  local 
velocity  criteria  for  the  navigation  opening? 

i.  Page  9.  paragraphs  1  and  2.  Could  the  data  collec¬ 
tion  program  be  scaled  down  to  make  use  of  tide  and  current 
data  gathered  previously  by  NED?  This  tide  data  was  used  in 
storm  surge  modeling  by  CERC  in  technical  report,  CERC-86-8. 
As  well,  NED  could  assist  in  future  data  collection,  possibly 
reducing  costs. 

j.  Page  12,  Schedule.  Enclosure  2  indicates  that  both 
mathematical  hydrodynamic  and  physical  modeling  will  be 
completed  within  the  first  year  of  model  studies.  The  navi¬ 
gation  model  consuaes  principally  the  second  yesr  of  study. 
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If  a  ice led  down  "desk  top"  navigation  atudy  vere  to  be 
performed  up  front,  the  total  CEWES  effort  could  be  curtailed 
to  about  one  year.  Additionally,  enclosures  1  and  2  show 
riprap  design  being  completed  prior  to  erosion  evaluation. 
Enclosure  3  does  not  agree  with  enclosures  1  and  2. 

k.  Page  12.  paragraph  3.  It  is  understood  that  contin¬ 
gencies  presented  include  only  hydraulic  considerations  rela¬ 
ted  to  the  proposed  modeling  and  do  not  address  other  hydrau¬ 
lic,  mechanical,  structural,  etc.,  factors. 

l.  Page  13,  paragraphs  1  and  2.  It  is  understood  that 
the  navigation  opening  may  need  to  be  increased  while  the 
flushing  opening  might  be  decreased. 

m.  Page  13,  paragraph  3.  Since  maintenance  dredging  is 
not  expected  to  increase,  can  sediment  modeling  be  elimina¬ 
ted? 


n.  Page  13,  Results,  d.  The  project  must  be  formulated 
to  have  negligible  effect  on  normal  water  circulation  and 
elevations  within  the  estuary  to  have  a  high  likelihood  of 
being  built. 

o.  Page  13,  Results,  j.  To  have  a  high  probability  of 
being  environmentally  acceptable  and  being  constructed,  there 
must  be  negligible  change  in  areas  normally  inundated  land¬ 
ward  of  the  structure. 

P*  Page  14.  Since  the  comprehensive  study  would  span  25 
months,  should  monthly  progress  reports  and  periodic  progress 
review  meetings  (either  at  VES  or  NED)  be  included? 

3.  In  addition,  although  the  model  studies  are  not  being 
conducted  for  environmental  purposes,  in  order  to  accomplish 
good  hydraulic  design,  the  designer/modeler  should  be  con¬ 
scious  of  environmental  considerations.  In  that  regard  it 
should  be  stated  that  environmentalists  have  requested  that 
openings  in  the  floodgate  structure  have  "rounded"  corners  to 
minimize  impact  mortality  to  biota.  As  well,  they  would  like 
to  see  the  soffits  of  flushing  gates  raised  while  maintaining 
an  invert  at  adjacent  ground  level. 
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4.  Your  punctual  response  to  this  request  has  been  appreci¬ 
ated.  My  staff  looks  forward  to  working  with  you  to  finalize 
the  scope  of  modeling  effort.  Questions  should  be  addressed 
to  Mr.  Chuck  Vener,  617-647-8686. 

FOR  THE  COMMANDER: 


Enel  RICHARD  D.  REARDON 

wd  Chief,  Engineering  Division 

CF: 

CDRUSACE  ( CEEC-EH ) /Mr .  Lockhart 
CDRUSACE  (CEEC-EH ) /Mr .  Drummond 
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CEWES-HE-E  (CENED-ED-WQ/15  Dec  88)  1st  End  W.  MARTIN/pfp/601-634-4157 

SUBJECT:  Model  Study  -  Saugus  River  Flood  Control  Project 

DA,  Waterways  Experiment  Station,  Corps  of  Engineers,  P.0.  Box  631, 

Vicksburg.  MS  39180-0631  ..  QQ 

•  Jhh  Os 

FOR:  Commander,  U.S.  Army  Engineer  Division,  New  England,  ATTN:  CENED-ED-VQ, 
424  Trapelo  Road,  Waltham,  MA  02254-9149 

1.  As  requested  in  the  basic  letter,  the  enclosed  proposal  has  been  prepared 
to  perform  a  model  study  of  the  Saugus  River  Flood  Control  Project.  The 
proposal  describes  a  comprehensive  evaluation  of  hydrodynamic,  sedimentation, 
and  navigation  conditions.  In  addition,  the  physical  model  proposed  will 
allow  detailed  design  of  the  flood  gate  structure  and  provide  input  to  the 
navigation  portion  of  the  study. 

2.  The  study  is  estimated  to  cost  $1,176,000  and  require  25  months  to 
complete.  There  are  undoubtedly  areas  of  the  proposed  study  that  could  be 
modified  or  deleted  as  a  result  of  further  meetings  among  CEWES,  CENED,  and 
HQUSACE  personnel. 

3.  We  understand  that  this  study  is  under  consideration  for  CEWES  to  perform 
during  FY  90  and  91.  In  order  for  us  to  perform  the  study,  we  must  be 
authorized  the  necessary  FTE.  To  assist  us  in  obtaining  necessary  FTE 
allocation,  it  is  requested  that  you  take  action  to  have  this  work  entered 
into  the  Headquarters,  U.S.  Army  Corps  of  Engineers  FORCON  manpower  accounting 
system  when  the  FY  90  and  FY  91  estimates  are  requested.  For  this  study  to  be 
considered  by  the  Programs  Division  of  Civil  Works  Directorate  as  justi¬ 
fication  for  the  necessary  FTE  authorization,  it  must  be  substantiated  and 
validated  by  a  submission  from  your  office. 


4.  If  you  have  any  questions  concerning  the  proposal,  please  contact 
Mr.  William  Martin  at  601-634-4157. 


FOR  THE  COMMANDER  AND  DIRECTOR: 


Enel 

CF: 

HQUSACE  CEEC-ED-D  (Mr.  Lockhart) 


VY 


ROBERT  W.  WHALIN,  PhD,  PE 
Technical  Director 
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DEPARTMENT  OF  THE  ARMY 

NEW  ENGLAND  DIVISION.  CORPS  OF  ENGINEERS 
424  TRAPELO  ROAO 

WALTHAM.  MASSACHUSETTS  02254-9149 


15  Deceaber  1988 


MEMORANDUM  FOR:  Coaaander  and  Director,  Waterways  Experiaent 
Station,  ATTN:  WESHE-E/Mr.  Villiaa  D.  Martin,  P.0.  Box  631, 
Vicksburg,  MS  39180-0631 

SUBJECT:  Model  Study  -  Saugus  River  Flood  Control  Project 

1.  As  discussed  between  Mr.  Charles  Wener  of  NED  and 
Mr.  Williaa  Martin  of  your  staff,  NED  requests  the  fol¬ 
lowing  inforaation  regarding  subject  proposed  aodel 
study  for  inclusion  in  the  planning  feasibility  report: 

a.  Description  of  aodel(s)  to  be  used  and  rationale 
for  selection.  Evaluation  of  both  physical  and  aatheaatical 
approaches  and  explanation  for  recoaaending  a  particular 
technique . 

b.  Proposal/scope  of  aodel  studies  with  outputs  identi¬ 
fied. 

c.  Detailed  cost  estiaate. 

d.  Schedule  for  study  by  aajor  activity  -  bar  chart. 

e.  Estiaate  of  reasonable  contingency  factor  to  be 
applied  to  gate  costs  at  this  tiae,  considering  potential 
changes  which  aay  be  wade  during  the  design  phase  when 
aodelling  is  to  be  conducted. 

2.  Background  aaterial  has  been  forwarded  separately  to 
Mr.  Martin.  Questions  can  be  directed  to  Mr.  Charles  Wener 
at  617-647-8686. 

3.  A  reply  is  requested  by  27  January  1989. 

FOR  THE  COMMANDER: 


RICHARD  D.  REARDON 

Chief,  Engineering  Division 


Copy  Furnished: 


CDRUSACE  ( CEEC-ED-D) /Mr .  Lockhart 
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SAUGUS  RIVER  FLOOD  CONTROL  PROJECT 
HYDRAULIC  STUDY 


Introduction 


This  proposal  responds  to  a  letter  dated  15  December  1988  from  the  New 
England  Division  (CENED)  in  which  a  detailed  scope  of  study  along  with  time 
and  costs  were  requested  for  the  Saugus  River  Flood  Control  Project. 
Considerable  discussions  have  occurred  between  the  Waterways  Experiment 
Station  (CEWES)  and  CENED  personnel  on  the  general  outline  of  a  study  required 
to  address  the  important  issues  in  the  construction  and  operation  of  the 
Saugus  River  Project.  This  proposal  addresses  the  specific  questions  of 
design,  construction,  and  operation  of  the  structure  as  described  in  the 
supportive  documents  that  were  forwarded  to  CEWES  along  with  the  15  December 
letter. 

The  proposed  study  will  address  the  important  issues  discussed  in  the 
supplied  documentation.  We  will  model  the  effects  of  the  project  design, 
construction,  and  operation  on  tidal  currents,  flushing,  basin  tide  levels, 
sedimentation,  and  navigation.  A  comprehensive  study  is  proposed  that  will 
cover  all  hydraulic  aspects  of  the  project. 


Objectives 

The  objectives  of  the  study  are  to  provide  the  most  cost  effective 
design  configuration  for  the  Saugus  River  Flood  Gates,  as  defined  by  the 
minimum  number  of  gates  necessary  to  provide  safe  and  efficient  operation  of 
the  structure,  and  evaluate  the  structure  as  to  its  impacts  on: 

a.  Basin  tide  levels. 

b.  Sedimentation/erosion. 

c.  Water  circulation. 

d.  Changes  in  current  velocities. 

e.  Navigation. 

f.  Effects  of  rising  sea  levels. 


Modeling 


Approach 

Based  on  the  information  supplied  by  CENED  and  discussions  with  the 
CENED  hydraulics  and  navigation  personnel,  a  hybrid  study  approach  is 
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suggested.  This  approach  will  utilize  both  numerical  and  physical  models  to 
address  the  numerous  and  complex  concerns  raised  by  the  construction  and 
operation  of  the  proposed  flood  gates. 

A  global  numerical  model  of  the  study  area  will  be  developed  as  shown  in 
Figure  1.  This  model  (actually  a  suite  of  models)  will  use  the  USACE  TABS -2 
modeling  system.  This  two-dimensional  (2D),  depth- averaged  model  will  be  used 
to  evaluate  global  effects  on  circulation,  tide  levels,  and  sedimentation. 

This  model  is  entirely  appropriate  for  this  estuary  due  to  the  lack  of 
vertical  salinity  stratification.  The  model  can  be  used  to  screen  various 
scenarios  of  gate  configuration  with  the  objective  of  minimizing  the  number  of 
gates  required.  The  global  model  will  also  provide  boundary  conditions  for 
use  in  the  physical  model. 

The  physical  model  will  represent  a  section  of  the  estuary  including  the 
flood  gates  themselves.  This  area  is  shown  in  Figure  2.  This  model,  which 
will  be  constructed  such  that  1  ft  in  the  model  represents  25  ft  in  the 
prototype,  will  provide  detailed  information  needed  for  the  design  of  the  gate 
structure.  The  physical  model  will  also  provide  detailed  data  on  the  three- 
dimensional  (3D)  flow  fields  in  the  vicinity  of  the  structure.  These  data,  in 
conjunction  with  the  numerical  model,  will  provide  input  to  the  navigation 
study. 


The  navigation  portion  of  the  study  will  be  conducted  using  the  CEWES 
Ship/Tow  Simulator  and  will  evaluate  the  safety  of  navigation  both  during  and 
after  construction  of  the  flood  gates.  The  extent  of  the  navigation  model 
will  cover  an  area  shown  in  Figure  3.  The  primary  focus  for  the  vessel 
simulation  study  will  be  the  proposed  tidal  flood  gates  to  be  constructed  near 
the  entrance  to  the  channel.  The  design  condition  increase  of  currents  from 
1  knot  to  3  knots  and  constriction  of  the  channel  to  a  100-ft-wide  miter  gate 
section  has  the  potential  of  causing  navigation  difficulties  for  the  vessels 
passing  through  this  channel.  A  simulation  will  provide  valuable  information 
concerning  the  effects  of  these  changes  on  local  navigation.  Since  navigation 
must  be  maintained  during  construction,  all  of  the  various  construction  phases 
must  be  included  in  this  study.  In  the  unlikely  event  that  the  numerical 
modeling  indicates  significant  changes  in  currents  in  other  parts  of  the 
navigation  channel  due  to  the  flood  gates  or  construction  work,  a  reexamina¬ 
tion  and  possible  expansion  of  the  simulation  test  program  would  be  required. 

Saasils*!, 

This  entire  set  of  models  will  be  used  interactively  to  develop  the  most 
economical  gate  configuration  while  minimizing  impacts  of  the  structure  on  the 
existing  conditions.  The  following  project  conditions  will  be  modeled 
according  to  the  construction  schedule  provided  by  CENED.  Additional  plans 
can  be  added  as  deemed  necessary  by  CENED  and  CEWES. 
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Figure  1.  Numerical  model  limits 
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Base  Test  -  existing  geometry 

Base  Plan  Tests 

Plan  1  •  original  design  plan  with  gates  in  normal  (open) 

operating  position 

Plan  2  -  Plan  1  modified  to  minimize  the  number  of  gates  for 

cost  reduction 

Construction  Phase  Tests 

Phase  1A  •  miter  gate  cofferdam  in  place  with  temporary 
navigation  channel 

Phase  IB  -  remove  miter  gate  cofferdam  and  install  cofferdam  at 
four  Lynn  Tainter  gates 

Phase  2A  •  remove  cofferdam  at  Lynn  Tainter  gates  and  install 
cofferdam  at  Revere  Tainter  gates 

Phase  2B  -  install  cofferdam  for  remaining  Lynn  Tainter  gates 

Phase  3A  -  install  Revere  dike 

Boundary  conditions  for  these  conditions  will  be  synthesized  versions  of 
those  collected  in  the  field  for  verification  purposes.  The  different  phases 
of  construction  along  with  the  two  plans  will  be  screened  using  this  data  set 
which  will  be  representative  of  a  spring  tide  range.  This  will  determine  if 
additional  testing  of  the  phased  construction  is  necessary.  Since  care  was 
taken  in  maintaining  sufficient  area  through  the  entrance  in  all  phases  of 
construction,  it  is  doubtful  that  any  will  provide  problems  and  require 
further  testing. 

At  this  point,  two  plans  and  all  stages  of  construction  with  the 
selected  plan  will  have  been  tested  using  the  normal  spring  tide  range.  The 
base  and  chosen  plan  will  then  be  tested  using  the  maximum  astronomical  tide 
along  with  a  normal  spring  tide  range  elevated  to  simulate  the  effects  of  sea 
level  rise.  The  amount  of  tidal  plane  elevation  increase  will  be  decided  by 
CENED.  Depending  on  the  results  of  the  vessel  simulator  study,  it  may  be 
necessary  to  test  one  or  more  additional  plan  configurations. 

Once  the  base  and  final  plan  conditions  have  been  modeled,  they  will  be 
screened  using  the  TABS  sediment  transport  model.  Historically,  the  area  has 
not  experienced  shoaling  problems  and  it  is  not  likely  that  the  project  will 
cause  new  problems.  However,  it  is  possible  that  there  will  be  redistribution 
of  shoaling  and  that  will  be  predicted  by  the  numerical  model. 

Additional  analysis  using  analytical  methods  and  modeled  flows  will  be 
conducted  to  evaluate  the  depth  of  local  scour  near  the  structure.  The  pro¬ 
posed  30- ft  riprap  blanket  on  both  sides  of  the  structure  will  be  evaluated 
using  current  CEWES  criteria  and,  if  necessary,  alternate  designs  will  be 
provided . 


The  area  that  will  be  reproduced  to  an  undistorted  scale  of  1:25  is 
shown  in  Figure  2.  The  model  will  reproduce  the  structure  and  the  Saugus 
River  for  about  400  ft  seaward  and  600  ft  landward.  The  model  will  be  about 
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58  ft  wide  and  51  ft  long  (about  3,000  sq  ft)  and  will  be  fixed  bed.  The 
structure  will  be  constructed  to  scale  and  placed  in  the  model  to  the  proper 
alignment  and  elevations. 

The  purposes  of  the  physical  model  will  be  to  provide  (a)  data  which 
will  ensure  that  the  barrier  control  structure  would  be  properly  sized  to  meet 
the  basic  requirements  of  the  tidal  range  and  flow  conditions,  (b)  loss 
coefficient  for  the  gates  for  use  in  numerical  model  verification  and  testing, 
(c)  aid  in  riprap  design,  (d)  provide  current  velocity  data  in  the  vicinity  of 
the  miter  gates  for  the  vessel  simulation  study  and  (e)  allow  evaluation  of 
various  operating  sequences  for  the  gate  closing  and  opening  operations. 

Model  test  data  will  be  collected  with  the  model  operating  in  steady- 
state  flow  conditions  (both  in  the  ebb  and  flood  directions) ,  with  fixed  bed 
and  homogeneous  flow  (fresh  water).  Sufficient  current  velocity  (maximum  ebb 
and  flood)  and  water  surface  elevation  measurements  will  be  obtained  to  define 
local  influence  of  the  structure  both  during  and  after  construction.  Each 
test  will  involve  five  to  six  discharges  and  head  differential  conditions  from 
lowest  to  highest  expected.  Surface  current  pattern  photographic  mosaics  will 
be  constructed  for  both  base  and  plan  conditions.  The  model  will  provide 
detailed  flow  patterns  through  the  structure,  and  it  will  provide  loss  coeffi¬ 
cients  for  use  in  the  numerical  model.  Depending  on  the  results  of  the  vessel 
simulator  study,  it  may  be  necessary  to  test  one  or  more  additional  plans. 

Navigation  Model 

The  study  area  consists  of  a  sheltered  tidal  inlet  leading  to  the 
navigation  channels  of  the  Saugus  and  Pines  Rivers.  The  navigation  channel  in 
the  Saugus  River  is  authorized  at  150  ft  wide  and  8  ft  deep,  mean  low  water 
(National  Geodetic  Vertical  Datum) .  The  navigation  fleet  in  the  area 
primarily  consists  of  small  commercial  and  pleasure  craft.  Lobster  boats  up 
to  40  ft  long  and  5  ft  draft  comprise  the  predominant  part  of  the  commercial 
fleet  in  the  Saugus  River  channel.  Pleasure  craft  up  to  50  ft  in  length  also 
use  the  local  channels.  In  addition,  the  largest  vessels  to  use  the  Saugus 
River  are  two  types  of  oil  carriers,  which  deliver  oil  to  a  corporate  facility 
2  to  3  miles  inland.  At  least  one  of  these  tankers  is  a  barge/tug 
configuration  while  the  other  is  a  self-propelled  vessel  similar  to  a  small 
tanker.  These  vessels  range  up  to  245  ft  in  length,  40  ft  wide  and  11  ft  in 
draft. 


Heretofore,  the  CEWES  ship/tow  simulator  has  been  used  solely  for  the 
simulation  of  large  deep-draft  ships  or  shallow-draft  inland  river  push- tows. 
Simulation  of  the  small  vessels  using  the  Saugus  River  channel  will  require 
additional  development  activities  in  order  for  the  existing  configuration  of 
the  CEVES  simulator  to  be  modified  to  accommodate  special  requirements. 
Presently,  a  research  work  unit  entitled  "Small-Craft  Coastal  Port  Design"  has 
been  initiated  under  the  Navigation  Hydraulics  Program  in  the  Civil  Vorks 
Research  and  Development  Program.  Part  of  this  work  will  concentrate  on  the 
data  and  technology  requirements  for  the  simulation  of  small  vessels  (less 
than  100  ft  in  length) .  It  is  evident  that  this  work  will  be  of  benefit  to 
projects  such  as  the  Saugus  River  project;  however,  the  exact  timing  and  scope 
of  the  effort  is  still  unknown.  Therefore,  this  proposal  includes  plans  for 
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developmental  work  required  for  the  Saugus  River  simulation.  Specific  tasks 
to  be  accomplished  include  towing* tank  tests  for  the  development  of  accurate 
numerical  models  of  the  small  design  boats.  Also,  the  visual  scene  generation 
system  presently  used  in  the  simulator  is  not  designed  for  the  fast  update 
rate  required  for  realistic  simulation  of  the  design  vessels;  therefore, 
upgraded  computer  technology  would  be  needed. 

The  primary  concern  for  the  vessel  simulation  test  program  for  this 
channel  are  the  proposed  tidal  flood  gates  to  be  positioned  near  the  entrance 
of  the  channel.  According  to  the  information  provided,  in  the  present 
condition  currents  up  to  1  knot  are  common  in  the  Saugus  River  because  of  the 
large  tidal  range  in  the  area.  The  addition  of  the  flood  gates  will  Increase 
these  currents  in  the  vicinity  of  the  constriction  to  an  estimated  3  knots 
during  certain  stages  of  the  tide.  Currents  of  this  magnitude  can  cause 
difficulty  for  small  vessels;  therefore,  a  simulation  study  is  considered 
important  because  it  would  provide  valuable  information  concerning  the  effect 
of  this  increase  on  local  navigation. 

It  is  our  understanding  that  the  exact  configuration  of  the  flood  gates 
is  still  to  be  decided  based  on  the  effect  of  different  alternatives  on 
navigation.  In  addition,  construction  time  for  the  project  apparently  is 
rather  extensive  and  may  cause  temporary  navigation  difficulties.  Since  safe 
navigation  conditions  must  be  maintained  at  all  times,  all  construction  phases 
and  any  design  alternatives  should  be  tested  in  the  simulator.  Prior  to 
actual  testing,  a  process  can  be  carried  out  for  the  purpose  of  minimizing  the 
number  of  test  scenarios  to  those  most  critical. 

The  navigation  study  will  be  initiated  by  updating  the  simulator  models 
to  represent  the  class  of  vessels  to  be  modeled.  A  trip  to  the  study  area  to 
gather  input  on  navigation  conditions  and  record  visual  scenes  for 
incorporation  into  the  ship  simulator  will  be  conducted.  The  above,  along 
with  channel  geometry,  harbor  layout  information,  output  from  the  TABS-2 
hydrodynamic  analysis,  and  physical  model  results  in  the  vicinity  of  the  miter 
gates  will  be  compiled  to  create  the  data  base  necessary  for  the  simulation 
study.  The  data  base  will  then  be  validated  and  tested  with  local  pilot 
masters  or  captains  from  the  study  area.  The  selection  of  these  individuals 
will  be  coordinated  with  CENED.  The  results  of  the  simulation  testing  will  be 
plotted  and  evaluated  and  statistical  analysis  of  vessel  control  parameters 
will  be  performed. 

If  any  design  modifications  are  indicated  at  this  stage,  they  will  be 
tested  in  the  numerical/physical  model  and  the  results  again  evaluated  in  the 
vessel  simulator.  This  procedure  will  ensure  the  best  possible  design  that 
provides  safe  navigation. 


Data  Requirements 


In  order 
effort  will  be 


to  verify  the  models  described  above,  a  field  data  collection 
necessary.  This  effort  will  be  conducted  as  described  below. 
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Approach 


A  field  data  collection  program  will  be  performed  encompassing  several 
tidal  cycles  over  a  1-month  period.  Continuous  information  to  be  obtained 
throughout  this  period  will  include  tide  levels  at  seven  locations  and 
velocities  at  three  moored  meter  locations  in  the  study  area  as  indicated  in 
Figure  4.  The  tide  level  recorders  and  moored  meters  will  be  installed  and 
left  in  place  to  record  continuously  for  the  duration  of  the  study  period. 

After  completion  of  the  tide  level  recorder  installations  and  moored 
velocity  meter  deployment,  a  total  of  12  stations  will  be  monitored  for 
collection  of  velocity  data  throughout  a  single  tidal  cycle.  The  stations 
that  will  be  monitored  are  shown  in  Figure  4.  These  velocity  stations  will  be 
monitored  at  approximately  30-minute  intervals  for  approximately  13  hours. 
During  this  period  of  data  collection  at  the  velocity  stations,  a  limited 
number  of  water  samples,  not  to  exceed  one  sample  per  hour  per  station,  will 
be  obtained  for  laboratory  analysis  to  determine  suspended  sediment 
concentrations.  The  data  to  be  obtained  during  this  survey  will  include 
current  speed  and  direction,  as  well  as  the  suspended  sediment  samples. 
Salinity  and  temperature  will  be  recorded  at  stations  where  the  equipment 
deployed  has  that  capability. 

Equipment 

All  required  pressure  transducer- type  tide  level  recorders  and  moored 
velocity  meters  will  be  provided  by  CEVES.  The  tidal-cycle  data  will  be 
obtained  from  equipment  that  is  deployed  from  boats  located  at  the  specified 
stations  within  the  study  area.  The  boats  and  sampling  equipment  that  are  to 
be  used  will  be  supplied  by  CEVES.  A  total  of  three  vessels,  complete  with 
sampling  equipment,  will  be  used  during  the  data  collection  effort.  This 
equipment  will  Include  current  meters,  direction  indicators,  winches, 
collapsible  equipment  booms,  sampling  water  pumps,  buoys,  anchors,  and  sample 
bottles.  The  seven  tide  level  recorders  will  be  pressure  sensor-type  ENDECO 
Model  1029  or  equivalent.  The  moored  velocity  meters  will  be  the  self- 
contained  recording  ENDECO  Model  174  SSM  current  meter.  Over-the-side 
velocity  meters  will  be  Gurley  Model  665  vertical  axis  cup-type  impeller 
meters. 

fmcdvrg 

Prior  wO  the  13-hour  data  collection  survey,  several  days  will  be  needed 
to  install  all  the  tide  level  recorders  at  the  various  locations  in  the  study 
area.  Each  boat  used  in  the  data  collection  effort  will  have  a  minimum  of  two 
personnel  from  CEVES  to  operate  the  equipment  and  record  the  data.  During  the 
intensive  13-hour  data  survey,  the  current  speed,  current  direction  and 
sediment  sampling  equipment  will  be  deployed  simultaneously  from  each  vessel 
with  readings  being  recorded  for  the  duration  of  the  survey  but  at  intervals 
of  approximately  30  minutes.  Each  boat  will  have  approximately  four  velocity 
stations  to  monitor.  After  sampling  the  last  station  of  the  four  assigned  to 
a  particular  boat,  it  will  proceed  to  che  first  monitoring  station  and  begin 
the  process  again.  This  sampling  procedure  will  be  used  throughout  the 
13-hour  period.  The  depths  of  water  within  the  rivers  and  estuary  are 


V  -  VELOCITY  MOMTORING  STATION 
M  -  MOORED  VELOCITY  METER  LOCATION 


Figure  4.  Field  data  collection  stations 
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expected  to  be  quite  varied.  To  compensate  for  these  variations  in  depths 
throughout  the  study  area,  at  those  locations  having  depths  less  than  35  ft, 
aeasureaents  will  be  taken  at  only  three  different  depths.  If  depths  greater 
than  35  ft  are  encountered,  aeasureaents  will  be  taken  at  five  depths.  The 
stations  to  be  aonitored  will  be  Barked  by  deploying  large  inflated  buoys 
anchored  at  the  designated  locations  and  froa  which  the  vessels  will  be 
tethered  while  data  are  being  collected. 

Postponeaent  of  the  collection  due  to  incleaent  weather,  such  as  dense 
fog  or  extreaely  rough  seas,  is  a  possibility  and  should  such  delays  occur, 
additional  costs  will  result  and  are  not  reflected  in  the  cost  estimate 
included  in  this  proposal.  It  should  also  be  noted  that  although  there  is  no 
rental  charge  on  equipment  deployed  for  long-term  monitoring  such  as  tide 
level  recorders  and  moored  velocity  meters,  there  will  be  project  costs 
associated  with  any  repair  or  replacement  required  due  to  damage  or  loss  of 
equipment.  The  proposed  study  area  is  known  to  be  located  in  a  region  where  a 
certain  type  of  commercial  fishing  Industry,  common  only  to  this  area,  exists 
as  the  livelihood  of  many  of  the  local  inhabitants.  The  type  of  deployment 
necessary  for  boat  mooring  lines  during  the  survey  and  for  the  moored  velocity 
meters  may  be  disruptive  to  this  enterprise.  Possible  reparation  or 
litigation  costs  are  not  included.  The  field  personnel  from  CEVES  will  make 
every  effort  possible  to  prevent  this  from  occurring,  but  it  is  requested  that 
CENED  coordinate  the  data  collection  activities  with  representatives  of  the 
local  fishing  industry. 

Additional  data  required 

In  addition  to  the  field  data  collection  described  above,  information  is 
required  about  the  existing  hydrography  of  the  area  to  be  modeled,  Including 
the  areas  beyond  the  navigation  channel,  channel  and  structure  design  details 
(usually  in  the  form  of  drawings)  including  the  construction  phase  details, 
navigation  charts,  aerial  photographs  and  land  based  maps  of  developments  on 
the  shore  area,  dredging  charts,  design  vessel  or  fleet  characteristics,  and 
operational  information  describing  navigation  conditions.  This  information 
will  be  provided  by  CENED. 

Bata  reposing 

All  the  data  collected  in  the  field  will  be  brought  back  to  CEWES  for 
in-house  tabulation  and  formatting.  The  information  will  be  made  accessible 
for  use  as  it  becoaes  available.  The  current  velocity  data  will  be 
transcribed  froa  the  field  data  recording  sheets  and  entered  into  a  computer 
data  file  which  will  tabulate  the  data.  The  current  velocity  data  will 
provide  information  on  the  changes  in  the  speed  and  direction  of  the  currents 
at  each  station  as  they  are  affected  by  depth  and  tides .  The  collected  water 
samples  will  be  analyzed  for  suspended  sediment  concentrations  as  affected  by 
tide-induced  circulation  patterns  and  wind  effects.  The  data  from  the  tide 
level  recorders  will  be  transcribed  into  a  listing  of  tide  level  changes  with 
respect  to  tiae.  The  results  of  the  data  reduction  will  be  interpreted  to 
identify  physical  effects  of  the  tide  level  changes  on  current  velocities  and 
directions. 
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Cost  Estimate 


Costs  for  the  various  phases  of  the  study  are  shown  below: 

Field  Survey  $200,000* 

TABS-2  Hydrodynamic  Modeling  $185,000 
TABS-2  Sediment  Modeling  $  40,000 
Riprap  and  Erosion  Evaluation  $  15,000 
Physical  Model  $336,000 

Navigation  Model  $400,000 

TOTAL  $1,176,000 

*  Contingencies  not  included  in  estimate: 

(1)  Weather  postponement  -  not  to  exceed  $3,800/day 

(2)  Equipment  loss/repair  -  not  to  exceed  $10, 000/moored  velocity  meter 

-  not  to  exceed  $3, 500/tide  level  recorder 


Schedule 


A  detailed  task  list  is  provided  as  end  1.  Enclosure  2  is  a  PERT  chart 
showing  the  interdependence  of  the  various  tasks.  Enclosure  3  is  a  Gantt 
chart  showing  the  study  activities  over  time.  For  reference,  the  study  is 
shown  to  start  on  1  October  1989.  As  outlined,  the  entire  study  will  require 
25  months  to  complete,  including  publishing  of  final  reports. 


Contingency  Factors 


CENED  has  specifically  requested  that  CEWES  include  as  a  part  of  this 
proposal  an  estimate  of  reasonable  contingency  factors  to  be  applied  to  the 
gate  costs  at  this  time,  considering  potential  changes  which  may  be  made 
during  the  design  phase  when  the  modeling  is  to  be  conducted.  Such  estimates 
are  not  typically  included  in  CEWES  proposals,  but  the  necessity  of  such 
contingencies,  prompted  by  the  Local  Cooperating  Agency  agreement,  are 
understood. 

It  is  only  appropriate  that  factors  within  the  scope  of  the  proposed 
study  be  included  in  the  contingency  estimates.  These  are  discussed  below 
with  the  rationale  for  their  selection. 
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Flushing  gates.  There  is  e  high  probability  that  the  number  of  gates 
can  be  reduced  by  one  or  two.  Some  type  of  debris  boom  and/or  warning  system 
may  be  desirable  to  keep  debris  and  small  boats  from  using  the  flushing  gates 
instead  of  the  navigation  channel.  Contingency  factor:  0  to  -10% 

Navigation.  It  is  possible  that  handling  of  vessels  in  3-knot  currents 
through  the  100-ft  entrance  gates  will  be  unsafe.  If  so,  the  miter  gate 
dimensions  would  have  to  be  increased  to  reduce  the  velocities  or 
modifications  to  the  construction  designs  will  be  required.  Contingency 
factor:  +40% 

Maintenance  Dredging.  It  is  not  believed  that  maintenance  dredging  will 
increase  significantly  beyond  that  currently  experienced.  Contingency 
factor:  0% 

Riprap.  The  30-ft-wide  blanket  on  both  sides  of  the  structure  seems  too 
narrow.  Based  on  the  selected  plan,  this  will  likely  need  to  be  increased  in 
areas  of  high  velocities.  Contingency  factor:  +40% 


R&SMl&S 


The  studies  presented  above  will  provide  a  number  of  useful  results  that 
will  materially  add  to  the  success  of  the  flood  gate  design.  These  include: 

a.  Optimized  number  of  gates. 

b.  Assurance  of  safe  navigation  conditions,  including  the  critical 
construction  phases. 

c.  Recommended  operation  sequence  for  closing  and  opening  the  flood 
gates . 

d.  Identification  and  evaluation  of  any  changes  in  water 
circulation  patterns  or  elevations. 

e.  Identification  and  evaluation  of  any  changes  in  sedimentation 
patterns. 

f.  Input  to  and  evaluation  of  design  details  for  the  gates  and 
structure . 

g.  Evaluation  of  sea  level  rise  on  the  Saugus  estuary. 

h.  Recommendations  as  to  Che  extent  of  local  scour  near  the 
structure. 

1.  Riprap  design  for  the  plan  conditions. 

j.  Changes  in  areas  Inundated  behind  (landward)  of  Che  structure. 
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tteppisins 


Preliminary  results  for  each  of  the  four  sub-elements  of  the  study, 
field  data  collection,  numerical  modeling,  physical  modeling,  and  navigation 
modeling,  will  be  available  within  90  days  of  completion  of  the  sub-element 
testing.  A  total  of  four  final  reports  will  be  furnished,  each  describing  the 
testing,  results,  and  conclusions  drawn  from  each  of  the  four  sub-elements  of 
the  study.  These  will  be  completed  within  90  days  of  completion  of  sponsor 
review  of  the  preliminary  reports. 
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SUMMARY 


1.  As  part  of  the  flood  damage  redaction  investigation  for 
the  Saugus  River  and  tributaries,  an  analysis  of  water 
quality  conditions  in  the  Saugus  and  Pines  Rivers  estuary  was 
conducted  and  the  results  are  presented  in  this  report. 

2.  The  estuary's  flow  pattern,  which  has  a  major  impact  on 
water  quality,  is  dominated  by  tidal  movement  since  the 
freshwater  component  is  such  a  small  portion  of  the  overall 
water  volume  within  the  estuary. 

3.  Existing  water  quality  conditions  were  evaluated. 

Although  the  Saugus  and  Pines  Rivers  estuary  generally  meets 
Massachusetts  water  quality  standards  during  non-rainfall 
periods,  there  are  a  significant  number  of  exceedances  of 
coliform  bacteria  criteria  during  runoff  events.  Also, 
dissolved  oxygen  criteria  are  not  met  in  the  upper  portions 
of  the  estuary  on  occasion. 

4.  Of  the  three  flood  reduction  options  (described  in  detail 
in  the  Main  Report)  evaluated,  the  local  protection  project 
option  and  the  nonstructural  option  have  only  minimal  impacts 
on  the  water  quality  within  the  estuary.  The  most  signifi¬ 
cant  impact  would  be  a  permanent  loss  of  about  40-acres  of 
wetlands  habitat  and  a  temporary  turbidity  problem,  both  of 
which  are  associated  with  construction  of  dikes  in  the  local 
protection  project  option.  The  third  option,  the  Regional 
Floodgate  Plan,  has  a  minor  impact  on  the  water  quality 
within  the  estuary. 

5.  The  Regional  Floodgate  Plan  which  has  as  its  major 
component,  a  floodgate  located  at  the  mouth  of  the  Saugus 
River,  affects  water  quality  in  the  estuary  in  two  ways: 

(1)  by  placing  a  constriction  at  the  mouth,  there  is  a  change 
in  velocities,  scour,  and  sedimentation  characteristics 
within  a  few  hundred  feet  of  the  structure,  and  (2)  the 
floodgates  will  be  closed  when  the  storm  tides  are  expected 
to  reach  or  exceed  8  feet  NGVD  to  prevent  flood  damages, 
resulting  in  a  temporary  change  in  tidal  flushing 
characteristics.  This  is  expected  to  occur  on  the  average 
about  2  to  3  times  a  year  for  a  duration  of  about  1  to  2 
hours  around  peak  high  tide  for  each  operation.  Normal 
flushing  changes  are  expected  to  be  negligible  for  an  open 
gate  condition. 
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6.  With  the  proposed  floodgate  structure  there  are  generally 
expected  to  be  minimal  changes  in  existing  water  quality 
conditions  including  salinity  characteristics  within  the 
estuary  since  normal  tide  elevations,  currents,  and  flushing 
volumes  will  show  negligible  differences  from  existing  condi¬ 
tions  and  also  since  gate  closures  for  storm  tides  will 
happen  so  infrequently. 

7.  Current  speed  and  direction  within  a  few  hundred  feet 
upstream  and  downstream  of  the  selected  floodgate  structure 
are  expected  to  change  somewhat.  Velocities  in  the  center  of 
the  channel  near  the  floodgate  structure  are  expected  to 
increase  slightly  over  those  of  the  existing  condition; 
during  peak  flow  for  a  mean  spring  tide  condition,  typically 
measured  average  velocities  at  the  General  Edwards  bridge 
were  1.7  fps  and  calculated  average  velocities  at  the 
proposed  structure  would  be  2.1  fps.  Velocities  near  the 
riverbanks  will  reduce  some  and  there  may  be  a  slight 
increase  in  sediment  buildup  generally  near  the  southern  side 
at  the  mouth  of  the  river. 

8.  If  the  floodgate  option  continues  into  the  project 
engineering  and  design  phase,  further  current  data  and 
additional  modeling  is  needed  to  define  localized  current 
velocity  and  direction  and  sedimentation/erosion 
characteristics  within  a  few  hundred  feet  of  the  structure. 
This  is  described  in  the  Hydrology  and  Hydraulics  Appendix, 
Addendum  II. 


C-2 


SAUGUS  RIVER  AND  TRIBUTARIES 
FLOOD  DAMAGE  REDUCTION  STUDY 
LYNN,  MALDEN,  REVERE  AND  SAUGUS 
MASSACHUSETTS 


1.  INTRODUCTION 

a.  Purpose.  This  report  presents  a  description  of  water 
quality  conditions  as  they  presently  exist  in  the  Saugus  and 
Pines  Rivers  estuary  and  as  they  would  likely  exist  both  with 
and  without  the  proposed  Regional  Flood  Reduction  Project 
(see  figure  1).  Use  was  made  of  numerous  water  quality 
reports  previously  prepared  by  others  who  have  studied  the 
estuary  as  well  as  field  data  collected  and  analyzed  by  the 
Corps.  Recommendations  for  further  detailed  study  have  also 
been  presented  should  the  project  proceed  into  the  project 
engineering  and  design  phase  <PED). 

b.  Project  Alternatives.  Three  flood  reduction  alter¬ 
natives  have  been  evaluated  for  the  study  area.  These 
alternatives  are  fully  described  in  the  feasibility  report. 

A  summarization  is  presented  here. 

(1)  Local  Protection  Plans.  Consists  of  earth  dikes 
or  concrete  walls  located  along  the  shorefront  and 
riverbanks,  aligned  so  as  to  protect  the  following  areas: 

Revere  Beach  Backshore 
Town  Line  Brook 
East  Saugus 
Lynn 

Figure  2  shows  the  location  of  these  local  protection 

plans. 


(2)  Nonstructural  Plans.  Considered  nonstructural 
measures  to  reduce  flood  damages  through  flood  warning 
systems  and  flood  proofing  of  individual  buildings. 

(3)  Regional  Floodgate  Plan .  Provides  a  tidal 
floodgate  across  the  mouth  of  the  Saugus  River  along  with  a 
shorefront  dike  and  wall  system  which  ties  into  high  ground 
(figure  3).  Primary  emphasis  in  this  report  is  given  to  this 
plan  since  at  present  it  appears  to  be  the  most  likely 
recommended  alternative.  Also  it  raises  the  greatest 
interest  for  possible  water  quality  impacts.  The  gated 
structure,  as  presently  envisioned,  consists  of  one  100-foot 
wide  navigation  gate,  extending  to  -13.4  MLW  (-18.0  feet 
NGVD)  and  ten  50-foot  wide  flushing  gates  with  inverts 
(bottom  of  openings)  at  -9.4  MLW  (-14.0  feet  NGVD)  and  soffit 
(top  of  opening)  levels  of  0  feet  NGVD  (for  detailed  plan  and 
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section  view,  see  Main  Report).  Total  flow  area  at  mean 
spring  tide  level  (5.7  feet  NGVD )  through  the  structure  is 
9,170  square  feet  (SP)  as  compared  to  the  total  estimated 
existing  flow  area  of  the  channel  at  the  General  Edwards 
bridge  of  15,540  SF.  At  the  level  of  peak  or  maximum  flow 
(about  0.0  feet  NGVD)  the  gated  flow  area  of  8,800  SP  is 
nearly  equal  to  the  existing  riverflow  area  (8,700  SF)  at  the 
location  of  the  floodgates.  For  this  report,  the  floodgate 
structure  was  assumed  to  be  located  on  the  Saugus  River  about 
700  feet  downstream  (east)  from  the  General  Edwards  bridge 
(State  Route  1A) .  Several  nearby  alignments  were  considered 
by  planners  and  are  described  in  the  Main  Report.  The 
flushing  gates  were  assumed  to  be  distributed  across  the 
width  of  the  channel  with  nine  gates  located  north  of  the 
navigation  channel  and  one  gate  located  south  of  the  channel. 
Actual  project  location  and  gate  sizes  are  subject  to  change 
as  more  refined  engineering  analysis  and  model  studies  are 
completed.  The  present  layout  should  be  viewed  as  a  concept 
useful  in  assessing  relative  impacts.  Also,  when  the 
floodgate  is  described  as  being  opened  or  closed  in  this 
report,  it  is  assumed  that  all  gates,  both  navigation  and 
flushing,  are  opened  or  closed. 

Navigation  and  flushing  gates  will  remain  fully  open 
at  all  times,  except  when  storm  tide  levels  are  predicted  to 
be  greater  than  those  expected  to  produce  flood  damage. 

Until  more  detailed  damage-tide  elevation  relationships  are 
determined  around  the  entire  tidal  estuary,  the  beginning  of 
flood  damages  is  estimated  to  be  about  8  feet  NGVD. 

During  flood  operation  of  the  tidal  floodgate,  the 
gates  will  generally  be  closed  for  only  a  few  hours  around 
the  time  of  high  predicted  tide  and  will  be  opened  as  soon  as 
the  ocean  level  drops  to  the  level  of  the  estuary.  The  gates 
will  be  closed  on  the  average  of  2  to  3  times  a  year.  More 
detailed  information  on  the  floodgate  operation  is  given  in 
the  Hydrology  and  Hydraulics  Appendix. 

c.  Other  Projects  and  Studies  within  the  Saugus  and 
Pines  Estuary.  There  are  a  number  of  potential  future 
conditions  which  could  result  in  increases  in  the  existing 
flushing  characteristics  of  the  estuary  (see  Main  Report); 
among  these  are  sea  level  rise,  possible  but  unlikely 
breaching  or  removal  of  the  abandoned  1-95  highway  embankment 
and  proposed  channel  dredging  for  the  Corps  Saugus  River 
navigation  project.  Although  the  sensitivity  of  tidal 
flushing  was  evaluated  if  the  1-95  embankment  was  removed,  it 
has  been  assumed  for  this  study  that  it  would  remain  in 
place.  Under  both  proposed  flood  protection  and  no  action 
alternatives,  it  is  assumed  that  the  Saugus  River  navigation 
dredging  project  will  be  constructed.  These  conditions  or 
projects  are  fully  described  in  the  feasibility  report. 
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In  addition,  there  are  a  number  of  ongoing  studies  which 
will  be  addressing  water  quality  conditions  in  the  estuary, 
e.g.,  Lynn  Water  and  Sewer  Commission's  (LWSC)  combined  sewer 
overflow  study  and  Refuse  Energy  Systems  Company’s  (RESCO) 
landfill  capping  study.  Both  of  these  investigations  are  yet 
to  be  completed.  Preliminary  indications  are  that  the 
combined  sewer  overflow  being  discharged  into  the  Saugus 
River  will  be  eliminated  as  the  combined  sewer  portion  is 
separated.  The  landfill  capping  study  is  currently 
identifying  problems  to  be  eliminated.  Both  recommendations 
result  in  reduction  of  pollutional  loads  to  the  estuary. 

Although  there  are  no  present  plans  to  dredge  the  Pines 
River,  there  is  local  interest  which  may  eventually  result  in 
dredging  this  river  for  navigation. 

d.  Watershed  Description.  The  Saugus  River  forms  at 
Lake  Quannapowitt  in  Wakefield  and  follows  a  meandering 
southeasterly  course  through  flat  to  rolling  topography  for 
13  miles  to  its  mouth  in  Lynn  Harbor.  The  drainage  pattern 
consists  of  a  series  of  wetland  areas  interconnected  by  a 
system  of  streamlike  channels.  The  Pines  River  forms  at  the 
junction  of  Town  Line  and  Linden  Brooks  in  northeastern 
Revere,  flows  easterly  for  2.5  miles  and  then  northerly  for 
1.2  miles  where  it  joins  the  Saugus  River  about  0.4  mile 
upstream  from  its  mouth.  Extensive  vegetated  wetlands 
(approximately  1,070  acres)  border  the  lower  4.5  miles  of  the 
Saugus  River  and  the  entire  length  of  the  Pines  River.  Total 
drainage  area  is  47  square  miles  (see  plate  1) .  There  is  no 
USGS  streamflow  gage  located  on  the  river;  however,  as 
described  in  the  Hydrology  and  Hydraulics  Appendix,  estimated 
average  annual  flow  is  equal  to  80  cfs  (23  inches  of  runoff/ 
year).  The  CJSGS  has  installed  several  tide  gaging  stations 
throughout  the  study  area. 

The  entire  river  system  is  surrounded  by  dense  urban 
development  which  results  in  numerous  occurrences  of  nonpoint 
pollutant  discharges  within  the  basin.  There  are  no  major 
continuous  point  source  pollutant  discharges  within  the 
basin,  although  there  are  several  major  thermal  water  re¬ 
leases  made  by  industries  and  an  intermittent  discharge  from 
a  combined  sewer  overflow.  In  general,  most  pollutants  are 
diluted  as  a  result  of  the  large  tidal  interchange  which 
exists  in  the  estuary:  mean  tidal  range  is  9.5  feet  and  mean 
spring  tidal  range  is  11.0  feet.  Pollutants  have  also  been 
assimilated  into  the  salt  mar3h  muds  through  sedimentation, 
adsorption,  and  absorption  processes. 


C-8 


e.  Normal  Tides 


(1)  General .  At  the  study  area,  tides  are  semidiur¬ 
nal,  with  two  high  and  two  low  waters  occurring  during  each 
lunar  day  (approximately  24-hours  50-minutes) .  The  resulting 
tide  range  is  constantly  varying  in  response  to  the  relative 
positions  of  the  earth,  moon,  and  sun;  the  moon  having  the 
primary  tide  producing  effect.  Maximum  tide  ranges  occur 
when  the  orbital  cycles  of  these  bodies  are  in  phase.  A  com¬ 
plete  sequence  of  tide  ranges  is  approximately  repeated  over 
an  interval  of  19  years,  which  is  known  as  a  tidal  epoch.  At 
the  National  Ocean  Survey  (NOS)  tide  gage  in  Boston,  Massa¬ 
chusetts  (less  than  10  miles  from  the  study  site),  the  mean 
range  of  tide  and  the  mean  spring  range  of  tide  are  9.5  and 
11.0  feet,  respectively.  The  maximum  and  minimum  predicted 
astronomic  tide  ranges  at  Boston  have  been  estimated  at  about 
14.7  and  5.0  feet,  respectively,  using  the  Corps  Coastal 
Engineering  Research  Center  (CERC)  report  entitled:  "Tides 
and  Tidal  Datums  in  the  United  States,"  SR  No.  7,  1981. 

Because  of  the  continual  variation  in  water  level  due 
to  the  tides,  several  reference  planes,  called  tidal  datums, 
have  been  defined  to  serve  as  a  reference  zero  for  measuring 
elevations  of  both  land  and  water.  Tidal  datum  information 
for  Boston  is  presented  in  figure  4  and  table  1.  This  data 
was  compiled  using  currently  available  NOS  tidal  benchmark 
data  for  Boston  along  with  the  previously  mentioned  CERC  re¬ 
port.  The  epoch  for  which  the  NOS  has  published  tidal  datum 
information  for  Boston  is  1960-78.  A  phenomenon  that  has 
been  observed  through  tide  gaging  and  tidal  benchmark 
measurements  is  that  sea  level  is  apparently  rising  with 
respect  to  the  land  along  most  of  the  U.S.  coast.  At  the 
Boston  National  Ocean  Survey  tide  gage,  the  rise  has  been 
observed  to  be  slightly  less  than  0.1  foot  per  decade.  Sea 
level  determination  is  generally  revised  at  intervals  of 
about  25  years  to  account  for  the  changing  sea  level  phenome¬ 
non  (sea  level  rise  is  further  discussed  in  the  Hydrology  and 
Hydraulics  Appendix). 
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TABLE  1 


BOSTON  TIDAL  DATCJM  PLANES 
NATIONAL  OCEAN  SURVEY  TIDE  GAGE 
(Based  Upon  1960-78  NOS  Tidal  Epoch) 


Tide  Level 
(ft,  NGVD) 


Maximum  Predicted  Astronomic  High  Water  7.5 
Mean  Spring  High  Water  (MSHW)  5.8 
Mean  High  Water  (MHW)  5.0 
Minimum  Predicted  Astronomic  High  Water  2.7 
Mean  Tide  Level  (MTL)  0.3 
National  Geodetic  Vertical  Datum  (NGVD)  0.0 
Maximum  Predicted  Astronomic  Low  Water  -2.4 
Mean  Low  Water  (MLW)  -4.5 
Mean  Spring  Low  Water  (MLWS)  -5.2 
Minimum  Predicted  Astronomic  Low  Water  -7.1 


(2)  Tidal  Fluctuation  in  the  Saugus  and  Pines 
Rivers .  Due  to  the  complexity  of  water  movement  within  the 
Saugus  and  Pines  Rivers  estuary,  tidal  stage  measurements 
have  been  made  intermittently  over  the  past  three  years  to 
better  define  tidal  motion  within  the  project  area.  In 
general,  tide  levels  at  the  mouth  of  the  Saugus  River  are 
found  nearly  identical  to  those  at  Boston.  Tide  levels  in 
the  estuary  show  some  slight  variance.  In  the  Saugus  River, 
at  the  Lincoln  Street  bridge,  and  in  the  upper  Pines  River 
within  the  Seaplane  Basin,  high  water  levels  are  0.1  and  0.5 
foot  lower  at  mean  spring  tide  than  at  the  mouth,  respec¬ 
tively.  Low  water  levels  are  about  the  same  and  0.3  foot 
higher  at  mean  low  tide,  respectively.  Plate  2  shows  the 
location  of  tidal  staff  and  recording  gages  for  the  Corps 
investigation.  More  detailed  data  is  tabulated  in  the 
Hydrology  and  Hydraulics  Appendix. 
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(3)  Tidally  Induced  Currents.  The  Corps  in  coopera¬ 
tion  with  the  O.S.  Geological  Survey  conducted  an  investiga¬ 
tion  to  determine  the  tidal  volume  exchanged  during  a  normal 
tide  cycle  on  16  April  1987.  Current  measurements  were  made 
over  the  course  of  a  full  tide  cycle  (from  low  to  high  to 
low)  on  the  downstream  side  of  the  General  Edwards  bridge 
(State  Route  1A) .  Tide  levels  ranged  from  approximately  -5.5 
to  +5.6  feet  to  -4.4  feet  NGVD  during  the  gaging  period,  and 
peak  current  measurements  at  the  center  of  the  bridge  were 
2.44  fps  during  flood  and  ebb  tides.  The  average  velocity 
during  maximum  discharge  was  1.74  fps.  Plan  views  of  the 
currents  as  measured  across  the  width  of  the  channel  during 
peak  flow  condition  for  both  a  flood  and  ebb  condition  are 
shown  in  figures  5  and  6,  respectively. 

To  further  define  the  characteristics  of  the  estuary, 
concurrent  cross-sectional  areas  at  the  bridge  were  collected 
with  the  velocities  on  16  April  so  that  tidal  interchange 
volumes  could  be  estimated  for  that  day.  On  16  April, 
between  7:30  a.m.  and  8  p.m.,  approximately  5,800  acre-feet 
of  water  flowed  into  the  estuary  and  approximately  6,300 
acre-feet  flowed  out  of  the  estuary  (a  typical  mean  spring 
tide  condition) .  The  difference  in  volumes  was  assumed  to  be 
the  result  of  interior  runoff  as  well  as  a  dramatic  change  in 
wind  direction  which  occurred  about  mid  high  tide  on  that 
day.  High  onshore  winds  tend  to  pile  up  water  in  the 
estuary.  The  winds  may  have  impeded  tides  from  flowing  out 
during  the  previous  tide  cycle.  At  high  tide  on  this 
particular  day,  the  tidally  influenced  water  surface  area 
upstream  from  the  General  Edwards  bridge  was  estimated  to  be 
1,000  acres. 

In  addition  to  the  data  collected  on  16  April, 
one-time  current  measurements  were  also  made  during  a  midtide 
flood  condition  at  several  bridge  openings  within  the  basin 
on  20  April  1987  when  the  tide  ranged  between  -4.9  and  +4.0 
feet  NGVD.  Currents  were  measured  at  the  Fox  Hill  drawbridge 
(Rte  107)  and  the  Lincoln  Avenue  bridge  over  the  Saugus 
River,  and  the  State  Route  107  bridge  over  the  Pines  River. 
Representative  peak  midtide  flood  velocities  measured  at  each 
bridge  were  1.4,  2.6  and  3.0  fps,  respectively.  Measurements 
were  made  at  these  bridges  to  provide  background  data  for 
these  restrictions,  some  of  the  narrowest  river  restrictions 
which  exist  within  the  estuary.  All  current  data  is  fully 
described  in  the  Hydrology  and  Hydraulics  Appendix.  A  map 
showing  the  location  of  current  measurements  is  shown  in 
figure  7. 
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2.  EXISTING  WATER  QUALITY 


a.  Water  Quality  Classification.  The  inland  waters  of 
the  Saugus  and  Pines  Rivers  have  been  designated  class  B  and 
the  coastal  waters  of  these  rivers  have  been  designated  class 
SB  by  the  Massachusetts  Division  of  Water  Pollution  Control 
(MDWPC) .  The  change  from  class  SB  to  class  B  occurs  at  the 
Metropolitan  District  Commission's  (MDC)  tide  gate  near  U.S. 
Route  1  on  the  Pines  River  and  just  upstream  from  the  Saugus 
Ironworks  on  the  Saugus  River  (approximately  4.5  miles  up¬ 
stream  from  the  mouth)  (see  figure  8).  Class  B  waters  are 
suitable  for  swimming,  other  recreation,  and  for  protection 
and  propagation  of  fish,  other  aquatic  life  and  wildlife. 
Class  SB  waters,  in  addition  to  those  designated  uses  as 
described  for  class  B  waters,  are  suitable  for  shellfish 
harvesting  with  depuration. 

Massachusetts  Surface  Water  Quality  Standards  (1985)  for 
class  B  waters  include  a  minimum  dissolved  ogygen  (DO)  level 
of  5  mg/1,  a  maximum  water  temperature  of  83°  Fahrenheit, 
pH  between  6.5  to  8.0  Standard  Units  (SU),  or  as  naturally 
occurring,  and  fecal  coliform  counts  not  to  exceed  a  median 
value  of  200  colonies/100  ml  nor  more  than  400  colonies/100 
ml  for  any  monthly  sampling  period.  For  class  SB  waters 
these  standards  include  a  minimum  of  6.0  mg/1  of  dissolved 
oxygen  at  water  temperatures  of  77°  Fahrenheit  and  below,  no 
increase  in  temperatures  which  will  exceed  the  recommended 
limits  for  the  most  sensitive  water  use,  pH  in  the  range  of 
6.5  to  8.5  or  as  naturally  occurring,  and  total  coliform 
counts  not  to  exceed  a  median  value  of  700  colonies/100  ml 
nor  more  than  1,000  colonies/100  ml  for  20  percent  of  the 
samples.  Shellfishing  is  the  most  sensitive  activity  in  the 
coastal  area  due  to  the  stringent  requirements  established  to 
prevent  contamination  of  clams  and  other  bivalves  harvested 
for  human  consumption.  Classification  of  shellfish  areas  are 
additionally  subdivided  into  three  categories:  (1)  clean 
(open)  -  coliform  bacteria  counts  between  0  to  70  colonies/ 
100  ml  of  water,  (2)  moderately  contaminated  (restricted)  - 
between  71  to  100  colonies/100  ml,  and  (3)  grossly  contami¬ 
nated  (closed)  -  over  700  colonies/  100  ml. 

The  complete  technical  requirement  for  the  Massachusetts 
water  classification  for  B  and  SB  waters  is  given  in  table  2. 
The  classification  is  the  goal  for  a  particular  water  body 
and  not  necessarily  a  description  of  existing  conditions. 
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TABLE  2 


MASSACHUSETTS 

WATER  QUALITY  CLASSIFICATION  CRITERIA 
PINES  AND  SAUGUS  RIVERS 


Class  B  -  Waters  assigned  to  this  class  are  designated  for 
the  uses  of  protection  and  propagation  of  fish,  other  aquatic 
life  and  wildlife,  and  for  primary  and  secondary  contact 
recreation. 


Parameter 


Dissolved  Oxygen 


Temperature 


PH 


Fecal  Coliform 
Bacteria 


Aesthetics 


Criteria 


Shall  be  a  minimum  of  5.0  mg/1  in 
warm  water  fisheries  and  a  minimum 
of  6.0  mg/1  in  cold  water  fisheries. 

Shall  not  exceed  83°  F  (28.3°  C)  in 
warm  water  fisheries  or  68°  F 
(20°  C)  in  cold  water  fisheries,  nor 
shall  the  rise  resulting  from  arti¬ 
ficial  origin  exceed  4°  F  (2.2°  C) . 

Shall  be  in  the  range  of  6.5  to  8.0 
standard  units  and  not  more  than 
0.2  unit  outside  of  the  naturally 
occurring  range. 

Shall  not  exceed  a  log  mean  for  a 
set  of  samples  of  200  per  100  ml, 
nor  shall  more  than  10  percent  of 
the  total  samples  exceed  400  per 
100  ml  during  any  monthly  sampling 
period . 

All  waters  shall  be  free  from  pol¬ 
lutants  in  concentrations  or  combi¬ 
nations  that: 


a.  Settle  to  form  objectionable 
deposits . 

b.  Float  as  debris,  scum  or  other 
matter  to  form  nuisances. 

c.  Produce  objectionable  odor, 
color,  taste  or  turbidity. 

d.  Result  in  the  dominance  of 
nuisance  species. 
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Radioactive 

Substances 


Tainting 

Substances 


Color,  Turbidity, 
Total  Suspended 
Solids 


Oil  and  Grease 


Nutrients 


Other  Constituents 


Shall  not  exceed  the  recommended 
limits  of  the  U.S.  Environmental 
Protection  Agency's  National  Drink¬ 
ing  Hater  Regulations. 

Shall  not  be  in  concentrations  or 
combinations  that  produce  undesir¬ 
able  flavors  in  the  edible  portions 
of  aquatic  organisms. 

Shall  not  be  in  concentrations  or 
combinations  that  would  exceed  the 
recommended  limits  on  the  most  sen¬ 
sitive  receiving  water  use. 

The  water  surface  shall  be  free  from 
floating  oils,  greases  and  petro¬ 
chemicals  and  any  concentrations  in 
the  water  column  or  sediments  that 
are  aesthetically  objectionable  or 
deleterious  to  the  biota  are  pro¬ 
hibited.  Por  oil  and  grease  of 
petroleum  origin  the  maximum  allow¬ 
able  discharge  concentration  is  15 
mg/1. 

Shall  not  exceed  the  site-specific 
limits  necessary  to  control  accel¬ 
erated  or  cultural  eutrophication. 

Waters  shall  be  free  from  pollut¬ 
ants  in  concentrations  or  combina¬ 
tions  that: 

a.  Exceed  the  recommended  limits  on 
the  most  sensitive  receiving 
water  use. 

b.  Injure,  are  toxic  to,  or  produce 
adverse  physiological  or  behav¬ 
ioral  responses  in  humans  or 
aquatic  life. 

c.  Exceed  site-specific  safe  expo¬ 
sure  levels  determined  by  bio¬ 
assay  using  sensitive  species. 
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Class  SB  -  Waters  assigned  to  this  class  are  designated  for 
the  uses  of  protection  and  propagation  of  fish,  other  aquatic 
life  and  wildlife;  for  primary  and  secondary  contact  recrea¬ 
tion;  and  for  shellfish  harvesting  with  depuration  (re¬ 
stricted  shellfish  areas). 

Parameter  Criteria 


Dissolved  Oxygen 


Temperature  Increase 


pH 


Total  Coliform 
Bacteria 


Aesthetics 


radioactive 

Substance 


Shall  be  minimum  of  85  percent  of 
saturation  at  water  temperatures 
above  77°  P  (25°  C)  and  shall  be  a 
minimum  of  6.0  mg/1  at  water  tem¬ 
peratures  of  77°  P  (25°  C)  and 
below. 

None  except  where  the  increase  will 
not  exceed  the  recommended  limits 
on  the  most  sensitive  water  use. 

Shall  be  in  the  range  of  6.5  to  8.5 
and  not  more  than  0.2  unit  outside 
of  the  naturally  occurring  range. 

Shall  not  exceed  a  median  value  of 
700  MPN  per  100  ml  and  not  more 
than  20  percent  of  the  samples 
shall  exceed  1,000  MPN  per  100  ml 
during  any  monthly  sampling  period. 

All  waters  shall  be  free  from  pol¬ 
lutants  in  concentrations  or  combi¬ 
nations  that: 

a.  Settle  to  form  objectionable 
deposits . 

b.  Float  as  debris,  scum  or  other 
matter  to  form  nuisances. 

c.  Produce  objectionable  odor, 
color,  taste  or  turbidity. 

d.  Result  in  the  dominance  of 
nuisance  species. 

Shall  not  exceed  the  recommended 
limits  of  the  (J.S.  Environmental 
Protection  Agency's  National  Drink¬ 
ing  Water  Regulations. 
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Tainting  Substances 


Color,  Turbidity, 
Total  Suspended 
Solids 


Oil  and  Grease 


Nutrients 


Other  Constituents 


Shall  not  be  in  concentrations  or 
combinations  that  produce  undesir¬ 
able  flavors  in  the  edible  portions 
of  aquatic  organisms. 

Shall  not  be  in  concentrations  or 
combinations  that  would  exceed  the 
recommended  limits  on  the  most  sen¬ 
sitive  receiving  water  use. 

The  water  surface  shall  be  free  from 
floating  oils,  grease  and  petrochem¬ 
icals  and  any  concentrations  or  com¬ 
binations  in  the  water  column  or 
sediments  that  are  aesthetically 
objectionable  or  deleterious  to  the 
biota  are  prohibited.  For  oil  and 
grease  of  petroleum  origin  the  maxi¬ 
mum  allowable  discharge  concentra¬ 
tion  is  15  mg/1. 

Shall  not  exceed  the  site-specific 
limits  necessary  to  control  accel¬ 
erated  or  cultural  eutrophication. 

Waters  shall  be  free  from  pollutants 
in  concentration  or  combinations 
that : 

a.  Exceed  the  recommended  limits  on 
the  most  sensitive  receiving 
water  use. 

b.  Injure,  are  toxic  to,  or  pro¬ 
duce  adverse  physiological  or 
behavioral  responses  in  human 
aquatic  life. 

c.  Exceed  site-specific  safe  expo¬ 
sure  levels  determined  by  bio¬ 
assay  using  sensitive  species. 
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b.  Water  Quality  Conditions.  According  to  the  "Saugus 
River  Basin  Water  Quality  Survey"  prepared  by  the  Massa¬ 
chusetts  Division  of  Water  Pollution  Control  (MDWPC)  in 
November  1982,  the  Saugus  and  Pines  Rivers  generally  meet 
class  B  and  SB  standards  during  dry  weather  flow  with  a  few 
minor  violations  occurring  from  high  coliform  counts  caused 
by  combined  sewers,  illegal  sewer  connections,  and  failing 
septic  systems.  During  storm  events;  however,  discharges 
from  storm  drains  and  overland  flow  have  a  significant 
adverse  impact  on  the  quality  in  the  upper  estuary  above 
Route  107,  principally  because  these  discharges  make  up 
such  a  large  percentage  of  the  volume.  Dissolved  oxygen  lev¬ 
els  are  impacted  due  to  high  quantities  of  BOD  discharged 
(estimated  at  17  times  normal  levels  for  one  storm  event 
measured  during  the  Lynn  Water  and  Sewer  Commission's  study 
of  combined  sewer  overflows).  Coliform  levels  are  extremely 
high;  measurements  were  as  high  as  30,000  colonies/100  ml  for 
one  storm.  In  the  lower  basin,  the  BOD  levels  do  not  have  as 
severe  an  impact  due  to  the  large  volume  interchange  which 
occurs  as  a  result  of  tidal  action.  Coliform  levels  are 
significant  enough;  however,  that  standards  are  consistently 
exceeded  even  in  the  downstream  area  during  high  runoff 
events . 

Because  of  the  high  coliform  levels  in  the  estuary, 
the  mudflats  have  not  been  classified  open  for  shellfish 
harvesting  in  recent  years.  A  few  areas  have  been  classified 
as  restricted;  whereby,  licensed  master  diggers  and  their 
employees  may  harvest  shellfish  and  then  have  them  depurated 
at  the  shellfish  purification  plant  in  Newburyport,  MA.  The 
most  recent  areas  that  have  been  designated  restricted  are  in 
the  upper  Pines  River;  Gravel  Gurties  Sand  Bar  located  in  the 
Seaplane  Basin  and  Center  Bar  located  north  of  Oak  Island. 
Locations  of  these  areas  are  shown  in  figure  9.  Coliform 
levels  are  monitored  closely  by  the  Department  of  Environ¬ 
mental  Quality  Engineering's  (DEQE)  Division  of  Shellfishing. 

Results  of  the  1982  MDWPC  testing  for  cadmium,  chromium, 
mercury  and  zinc  show  that  concentrations  in  the  lower 
estuary  downstream  from  the  Route  107  bridges,  generally 
meet  the  latest  Quality  Criteria  for  Water  (1986)  established 
by  EPA.  From  the  metals  tested,  cadmium  appears  to  be  the 
only  one  which  approaches  the  limit  established  for  protec¬ 
tion  of  sensitive  aquatic  species  in  the  marine  environment 
(levels  were  measured  at  40  mg/1  for  one  grab  sample). 

Table  3  shows  the  values  of  the  MDWPC  data  for  tidal  areas 
and  EPA  criteria  for  water  quality  and  figure  10  shows  the 
locations  where  samples  were  taken. 
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Marine  Acute  Criteria  is  the  highest  level  of  contaminents  which  would  not  result 
in  uacceptable  effects  to  sensitive  marine  aquatic  life  exposed  to  the 
highest  one  hour  average  concentration. 


c.  Description  of  Major  Pollution  Sources 

(1)  General .  There  have  been  several  pollution 
sources  identified  within  the  estuary:  three  are  thermal 
water  discharges  (figures  11  and  12)  -  General  Electric  River 
Works  Plant,  RESCO  Plant,  and  Eastern  Tool  Manufacturing 
Company;  one  is  an  intermittent  discharge  from  Lynn's 
combined  sewer  overflow  (figure  13);  and  one  is  leachate  from 
the  Saugus  landfill  (figure  14). 

(2)  Thermal  Water  Sources.  According  to  the  MDWPC, 
there  are  three  major  permitted  cooling  water  releases  made 
into  the  Saugus  River.  "Major"  is  defined  as  having  flows 
greater  than  1  million  gallons/day  (mgd) .  General  Electric 
has  22  separate  discharge  locations  and  the  average  total 
permitted  rate  is  approximately  100  mgd;  RESCO  has  one  major 
discharge  point  with  a  permitted  rate  of  60  mgd;  Eastern  Tool 
Manufacturing  Company  has  a  permitted  rate  of  about  1  mgd. 

(a)  Eastern  Tool  Manufacturing  Company.  Dis¬ 
charges  from  this  source  includes  noncontact  cooling  water 
from  industrial  processes.  Discharge  is  located  upstream  of 
Route  107. 


(b)  General  Electric.  Discharges  from  General 
Electric  generally  consist  of  surface  releases  of  storm  water 
and  once-through  noncontact  cooling  water  (used  for  power 
generation,  manufacturing  processes,  and  jet  engine  testing) ; 
however,  minor  amounts  of  oils  and  grease  can  be  discharged. 

A  summary  of  the  effluent  limitations  from  the  National  Pol¬ 
lutant  Discharge  Elimination  Systems  (NPDES)  permit  are  dis¬ 
played  in  table  4  and  locations  of  the  surface  discharge 
points  are  displayed  in  figure  11.  The  largest  discharge 
volumes  listed  are  from  outfalls  14,  18  and  29.  Of  these 
three.  No.  18's  discharge  is  the  most  continuous  (it  is  used 
for  cooling  power  generation  equipment);  No.  14  operates  for 
an  8-hour  period,  3  days  a  week;  No.  29  operates  for  a  1-hour 
period,  averaging  about  once  a  month  (both  14  and  29  dis¬ 
charge  cooling  water  which  is  used  for  testing  manufactured 
products).  General  Electric  prepared  an  analysis,  "Thermal 
Discharge  from  General  Electric  River  Works  Power  Plant,"  in 
September  1973.  Temperature  data  was  collected  to  identify 
the  extent  of  the  heated  water  dispersion  from  outfall  18 
since  this  was  the  only  discharge  which  resulted  in  a 
continuous  detectable  thermal  plume.  According  to  the 
report,  the  surface  discharge  was  monitored  over  various  tide 
cycles  in  August  and  September  1973.  Releases  varied  from  19 
to  32  mgd  with  a  maximum  temperature  rise  of  13°  Fahrenheit. 
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TABLE  4 


SUWART  OF  EFFL0E1T  LIMITATION 

GEIERAL  ELECTBIC  CO.  BITEBIDBKS  PLAIT 

LTU.MA 

(IPDES  PERMIT  R.  MA  0003905) 


OOTFALL  PBIHABT 


HUGER 

DISCHARGE  LIMITATION 

«• 

DISCHABGE  SOURCES 

FLO* 

TEMPERATURE 

OIL  AID 

(MOD) 

(DEGREES  F.) 

GREASE 

AVERAGE 

MAXIMUM 

MAXIMUM 

AVERAGE 

MAIIMUM 

MOITHLT 

DAILT 

DAILT 

MOITHLT 

DAILT 

001 

0.01 

10 

15 

BOOF/TABD  DRAIN 

003 

0.80 

1.2 

74 

TEST  EQUIPNR 

005 

0.02 

74 

TEST  EQUIPIE1T 

007 

1.12 

77 

10 

15 

PROCESS  COOLIK  «ATER 

009 

0.071 

80 

10 

15 

TEST  EQUIPMT 

010 

3.80 

7.2 

90 

HEAT  EICHAIGEBS 

012 

0.01 

10 

15 

BASEB1T  DRAIIAGE 

013 

0.35 

0.5 

74 

10 

15 

HEAT  El. /TEST  EQUIP. 

014 

25.0 

90i 

TEST  EQUIPMEIT 

015 

0.025 

90» 

10 

15 

BEAT  EICHAIGEBS 

017 

0.005 

0.05 

84 

10 

15 

TARD  DRAIN 

018 

25.0 

33.5 

90» 

POKE  GEIERATIOI 

020 

18.9 

10 

15 

UIUSED  COOLIK  IATEB 

021 

3.8 

7.2 

90* 

10 

15 

HEAT  H. /TEST  EQUIP. 

027 

1.0 

1.5 

72 

10 

15 

PROCESS  COOLIK  WATER 

028 

0.075 

75 

10 

15 

TARD  DRAIN 

029 

21.8 

43.2 

90* 

TEST  EQUIPMEIT 

030 

0.05 

74 

10 

15 

COOLIK  TOWER 

031 

0.89 

1.8 

80 

10 

15 

TEST  EQUIPMEIT 

032 

10 

15 

STORM  DRAIN 

KTKS:  •  THE  TEMPERATURE  OF  THE  DISCHABGE  SHALL  AT  10  TIC  EXCEED  A  20  DEGREE  F.  RISE  OVER 
TEMPERATURE  OF  THE  IITAXE  ,BUT  ALSO  AT  10  TI1C  EXCEED  A  MAXIMUM  OF  90  DEGREE  F.  AT 
THE  POIIT  OF  DISCHABGE. 

ii  OTHER  ISQUIREWnS  IKLUDE  THAT  pH  SHOULD  BE  BETIEEI  9.5  TO  8.5  SU  AT  ALL  TIMES 

AID  THERE  SHALL  BE  10  DISCHARGE  OF  FLOATIK  SOLIDS  OR  VISIBLE  FOAM  II  OTHER  THAI  TRACE  AMOUITS. 
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The  plume  created  did  not  reach  a  depth  greater  than  8  feet 
nor  extend  a  distance  greater  than  160  feet  from  shore.  The 
lateral  extent  was  more  variable  sometimes  reaching  greater 
than  240  feet  upstream  or  downstream  depending  on  the  direc¬ 
tion  of  tide. 


General  Electric  recently  (September  1985)  ended 
its  contract  for  buying  steam  from  RESCO;  however/  the  amount 
of  cooling  water  discharged  by  General  Electric  has  remained 
the  same  'since  General  Electric  began  generating  the  steam 
needed  from  its  own  onsite  boilers. 

(c)  RESCO.  As  a  result  of  General  Electric's 
termination  of  its  steam  purchasing  contract  in  September 
1985,  RESCO  has  opted  to  generate  onsite  power  using  the 
steam  once  sold  to  General  Electric.  The  NPDES  permitted 
noncontact  cooling  water  effluent  from  RESCO  and  it  is  now 
being  discharged  from  a  diffuser  placed  in  the  Saugus  River 
about  1,600  feet  downstream  from  the  Route  107  bridge  and 
about  500  feet  downstream  from  General  Electric's  outlet  18 
(figure  12) .  RESCO  contracted  with  Wehran  Engineering  to 
define  the  impacts  of  the  discharge  on  the  river,  as  part  of 
the  requirement  for  obtaining  a  discharge  permit.  Their 
analysis  shows  that  they  were  able  to  meet  the  following 
recommended  EPA  and  state  guidelines  as  taken  from  the  NPDES 
permit : 


o  _1.  The  maximum  temperature  may  not  exceed 

90°  Fahrenheit  throughout  the  receiving  water  body  at  the 
point  of  discharge. 

2.  The  cross-sectional  area  enclosed  by 
the  2°  Fahrenheit  Tsotherm  shall  not  exceed  more  than  one- 
third  of  the  cross  sectional  area  of  the  receiving  water 
body. 


_3.  The  maximum  temperature  rise  at  the 
surface  should  not  be  more  than  4°  Fahrenheit. 

There  should  be  a  sufficient  volume  of 
water  moving  past  the  discharge  to  significantly  dilute  the 
heated  effluent.  This  volume  of  water  may  be  due  to 
freshwater  runoff  or  tidal  flushing  or  both. 

There  are  fifteen  9-inch  diameter  ports  in  the 
140-foot  long  RESCO  diffuser.  Depth  of  the  water  above  the 
ports  varies  from  9.5  to  14  feet  at  mean  low  water  and  be¬ 
tween  6  and  10.5  feet  at  extreme  low  water  (-3.5  feet  below 
MLW) .  From  Wehran's  analysis  of  thermal  dispersion,  under 
the  most  severe  condition  (tide  level  at  extreme  low  water 
with  dry  weather  riverine  flow),  the  plume  at  the  surface  was 
approximately  50  feet  long  and  25  feet  wide. 


C-32 


(d)  Combined  Thermal  Discharge.  RESCO's  and 
General  Electric's  No.  18  thermal  discharge  locations  are 
within  one-half  mile  of  each  other  on  the  Saugus  River  as 
shown  in  figure  12.  There  has  been  no  study  on  the  cumula¬ 
tive  impacts  of  all  the  thermal  releases  including  Eastern 
Tool  Manufacturing  Company;  however/  it  is  noted  that  General 
Electric's  No.  18,  and  RESCO's  outlet  produce  a  combined 
total  permitted  outflow  of  100  mgd,  (from  discussions  with 
General  Electric  officials,  the  next  two  largest  discharges. 
Nos.  14  and  29,  are  for  testing  purposes  only  and  it  would  be 
extremely  rare  for  all  discharges  to  be  operating  at  once). 

It  is  unknown  if  the  upper  limit  of  60  mgd  from  RESCO  and  40 
mgd  from  No.  18  is  ever  reached  concurrently  since  sufficient 
data  on  coincident  flows  are  not  available.  RESCO's 
consultant,  Wehran  Engineering,  addressed  this  qualitatively 
by  showing  that  there  is  enough  separation  to  preclude 
overlapping  plumes  but  no  further  analysis  was  completed. 
RESCO,  through  a  consultant,  is  currently  investigating  the 
biological  impacts  of  its  discharge  as  a  requirement  of  its 
permit  and  EPA  and  MDWPC  are  monitoring  the  results. 

Low  riverine  flow  conditions  in  the  Saugus  River 
concurrent  with  an  ebb  tide  during  an  extreme  neap  tide  event 
would  produce  an  estimated  average  discharge  rate  of  about 
3,000  mgd  at  the  mouth  of  the  Saugus  River.  Conservatively 
assuming  that  a  combined  100  mgd  is  being  discharged  from 
General  Electric's  No.  18  and  RESCO's  outlet,  the  portion  of 
thermal  heated  water  flow  would  be  about  3.5  percent  of  the 
average  flow  occurring  during  this  extreme  low  water 
condition.  This  estimate  is  based  on  OSGS  quad  sheet 
mapping,  coordinated  aerial  photography/tide  stage 
measurements,  and  a  volume  interchange  determination  using 
current  and  tide  measurements.  For  comparison  purposes, 
average  annual  freshwater  river  discharge  is  estimated  at  80 
cfs  or  52  mgd  which  is  a  very  small  component  of  the  total 
flow. 


(3)  Combined  Sewer  Overflow.  There  is  one  major 
combined  sewer  overflow  TcsoT  within  the  Saugus  Basin,  lo¬ 
cated  off  Summer  Street  in  Lynn  (see  figure  13).  As  part  of 
a  CSO  investigation  completed  by  the  Lynn  Water  and  Sewer 
Commission's  (LWSC)  engineering  consultant,  the  Summer  Street 
overflow  was  found  to  drain  27  acres  of  storm  runoff  and 
546  acres  of  sewered  areas.  From  estimates  developed  in  the 
"Lynn  Water  and  Sewer  Commission's  Combined  Sewer  Overflow 
Facilities,  Interim  Report  on  Existing  Conditions,"  dated 
January  1988,  the  Summer  Street  overflow  is  reported  to 
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discharge  the  most  frequently  of  all  the  combined  sewer  over¬ 
flows  in  Lynn  (40  to  50  times/year) .  Annual  loadings  esti¬ 
mated  for  the  Lynn  CSO  include:  Plow  -  160  million  gallons/ 
year,  BOD  -  95,000  pounds  (lb)/year,  Total  Solids  -  467,000 
lb/year.  Total  Kjeldahl  Nitrogen  -  19,000  lb/year,  Ammonia 
Nitrogen  -  6,000  lb/year,  and  Phosphorous  -  4,000  lb/year. 

The  recommended  plan  in  their  current  study  is  to 
separate  the  combined  sewers  eliminating  the  combined  sewer 
overflow  from  the  Saugus  River. 

The  old  Saugus  sewage  pumping  station  located  on  the 
banks  of  the  Saugus  River  near  Lincoln  Avenue  had  been  a 
source  of  sewage  overflow  during  wet  weather  when  leaking 
sewer  pipes  caused  hydraulic  overloading  of  the  station  (see 
figure  13).  This  problem  was  corrected  when  the  pumping 
station  was  replaced  in  1986. 

(4)  Landfill .  A  potential  major  nonpoint  source 
within  the  estuary  is  the  landfill  area  located  in  the  salt 
marsh  near  the  junction  of  the  Pines  and  Saugus  Rivers.  The 
landfill  area  is  comprised  of  four  major  sites:  the  former 
Daggett  and  DeMatteo  (Saugus)  landfill,  which  occupies  almost 
200  acres,  the  RESCO  facility  which  covers  approximately  100 
acres,  the  RESCO  ash  landfill  which  covers  approximately  11 
acres,  and  the  GE  landfill  which  covers  approximately  10 
acres.  The  entire  landfill  area  is  bounded  by  the  Boston  and 
Maine  Rapid  Transit  Line  on  the  east.  State  Route  107  on  the 
west,  and  the  marsh  areas  of  the  Saugus  and  Pines  Rivers  on 
the  north  and  south.  Figure  14  shows  the  approximate  loca¬ 
tion  of  the  landfill  area. 

Numerous  investigations  of  the  landfill  have  been 
undertaken;  however  the  majority  studied  only  the  Saugus 
landfill  and  took  place  before  the  RESCO  plant  was  placed  in 
operation  in  1975.  The  most  comprehensive  document  was  the 
Environmental  Impact  Report  on  the  Saugus  landfill  project 
(EIR) ,  prepared  for  the  Massachusetts  Department  of  Environ¬ 
mental  Quality  Engineering  (DEQE)  in  1976.  In  an  appendix 
prepared  by  John  Teal  of  the  National  Marine  Fisheries  Ser¬ 
vice  at  Woods  Hole,  heavy  metals,  nutrients  and  polychlori¬ 
nated  biphenyls  (PCB's)  were  found  to  leach  from  the  landfill 
but  quickly  settled  out  or  were  absorbed  in  the  marsh  muds 
within  100  to  400  feet  downstream  from  the  landfill.  In 
1980,  Massachusetts  Coastal  Geologist,  William  Hall,  reit¬ 
erated  the  findings  of  the  EIR,  stating  that  unquestionable 
leaching  of  the  pollutants  is  still  taking  place  including 
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PCB's,  ammonia,  cadmium,  copper,  chromium,  nickel,  iron, 
lead,  zinc  and  mercury.  Of  these  contaminants,  zinc, 
cadmium,  chromium,  lead  and  PCB's  exceeded  safe  levels  for 
sensitive  aquatic  life.  Mr.  Hall  noted  that  the  pollutants 
entered  adjacent  salt  marshes  and  tidal  creeks  where  they 
were  quickly  absorbed  by  the  sediments  and  in  some  cases 
taken  up  by  vegetation.  He  also  noted  that  since  the  pol¬ 
lutants  are  bound  up  in  the  fine  material,  they  are  essen¬ 
tially  immobilized  unless  the  area  is  disturbed.  In  his 
report,  he  recommends  that  the  site  should  be  closed  to  fur¬ 
ther  dumping,  the  area  graded,  the  water  quality  monitored 
for  changes,  and  the  tidal  channels  maintained  in  a  clean  and 
free  flowing  condition  in  order  to  benefit  from  the  flushing 
action  of  the  ocean. 

One  of  the  actions  prompting  the  EIR  was  that  owners 
of  the  landfill  requested  that  they  be  allowed  to  expand  into 
other  areas  of  the  marsh.  After  DEQE  turned  down  their  re¬ 
quest,  the  property  owners  then  limited  the  project  to  pro¬ 
viding  cover  for  final  grading,  landscaping  of  the  existing 
landfill  area,  and  disposal  of  the  ash  generated  by  burning 
refuse  at  the  site.  Beginning  in  1975,  incinerator  ash  was 
placed  in  a  special  11-acre  site.  Use  of  the  ash  to  cover 
the  old  Saugus  landfill  site  was  not  initiated  until  after 
1982.  At  that  time  five  out  of  the  original  11  acres  had 
been  filled. 

The  "Phoenix"  project,  a  research  study  on  alterna¬ 
tive  methods  of  disposing  200  tons  of  ash  produced  each  day, 
was  completed  by  DEQE  between  1977  and  1982.  Samples  of  ash 
were  cored  from  existing  filled  areas  and  analyzed.  As 
discussed  in  the  "Summary  Update  of  Research  Projects  with 
Incinerator  Bottom  Ash  Residue"  by  DEQE,  dated  February  1982, 
the  ash  contains  elevated  levels  of  soluble  mineral  salts, 
alkalinity  and  heavy  metals.  Soluble  salts  included  sodium, 
iron,  calcium,  potassium,  magnesium,  phosphorous,  chlorides, 
nitrates  and  sulfates. 

Of  the  heavy  metals,  lead  and  cadmium  were  generally 
found  to  exceed  allowable  levels  for  the  EP  Toxicity  Test; 
however,  it  was  noted  that  this  test  produced  conditions  that 
would  be  more  severe  than  what  could  be  expected  to  occur  at 
the  actual  site.  Lead  is  an  ubiquitous  contaminant  generally 
derived  from  lead  based  inks  used  in  newsprint.  Cadmium  is 
also  present  due  to  its  use  as  a  stabilizer  and  pigment  in 
plastic  products.  Other  metals  exhibiting  high  although  not 
toxic  levels  include  copper,  zinc,  nickel  and  chromium.  In 
general,  the  ash  was  described  as  being  a  relatively  benign 
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material  since  it  was  so  highly  buffered  (pH  ranges  from  8  to 
10  S0[) .  It  was  also  stated  that  over  the  short  term,  there 
should  be  no  releases  of  heavy  metal  due  to  its  buffered 
condition.  However,  the  long  terra  impacts  caused  by  weath¬ 
ering  of  the  material  and  the  presence  of  an  acid  rain  condi¬ 
tion  were  concluded  as  being  not  so  well  known.  Recent 
studies  completed  by  DEQE  have  shown  that  incomplete  burning 
of  refuse  has  produced  small  amounts  of  the  chemical,  dioxin. 
According  to  DEQE,  the  small  amount  found  does  not  appear  to 
be  a  problem. 

RESCO  is  currently  involved  in  a  consent  agreement 
with  DEQE.  One  requirement  of  that  agreement  is  that  an 
assessment  of  the  environmental  impacts  of  handling,  storage 
and  the  use  of  ash  as  a  grading  material  be  conducted.  RESCO 
has  hired  a  consultant  who  is  in  the  process  of  developing  a 
scope  of  work  to  address  all  the  maijor  concerns. 

Another  small  landfill,  containing  old  auto  bodies, 
exists  on  the  Lynn  side  of  the  Saugus  River  just  north  of 
Route  107.  However,  this  does  not  appear  to  be  a  significant 
source  of  pollutants. 

d.  Salinity  Conditions  within  the  Estuary.  There  have 
been  many  questions  regarding  the  salinity  (the  amount  of 
salts  dissolved  in  water)  of  the  estuary.  In  order  to  under¬ 
stand  the  existing  conditions  within  the  estuary,  it  is 
necessary  to  be  familiar  with  the  hydrology.  As  a  result 
of  the  sluggish  flow  from  the  large  upstream  wetlands  and 
ponding  areas,  freshwater  inflow  into  the  tidally  influenced 
portion  of  the  Saugus  and  Pines  Rivers  is  a  small  component 
of  the  estuarine  water  body.  Total  drainage  area  of  the 
Saugus  River  is  small  (47  square  miles);  the  freshwater  por¬ 
tion  of  the  rivers  (located  above  the  MDC  Town  Line  Brook 
tide  gate  structure  on  the  Pines  River,  and  above  the  Saugus 
Ironworks  Park  on  the  Saugus  River)  amount  to  approximately 
37  square  miles.  There  is  no  flow  gage  on  either  the  Saugus 
or  Pines  Rivers.  Flow  estimates  were  developed  based  on 
regional  analysis  using  a  nearby  gage,  on  the  Parker  River  at 
Byfield,  Masssachusetts ,  having  similar  drainage  character¬ 
istics.  Average  annual  freshwater  flow  is  estimated  at 
80  cfs  while  the  flood  of  record,  which  occurred  in  January 
1979,  produced  an  estimated  freshwater  flow  rate  of  2,000 
cfs.  By  comparison,  the  estimated  total  peak  outflow 
measured  on  16  April  1987  at  the  General  Edwards  bridge  for  a 
typical  spring  tidal  condition  (tide  range  +5.6  to  -4.7  feet 
NGVD)  was  18,500  cfs  or  almost  10  times  the  freshwater  flood 
of  record.  (The  average  tidal  outflow  over  the  6-hour  ebb 
tide  cycle  was  approximately  12,000  cfs). 
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There  has  not  been  a  great  deal  of  data  collected  in  the 
past,  by  others,  defining  the  salinity  regime  within  the 
estuary.  Most  salinity  data  gathered  were  grab  samples  taken 
at  a  single  depth  in  the  area  between  the  mouth  of  the  Saugus 
River  and  its  confluence  with  the  Pines  River.  These  results 
showed  salinities  in  the  range  of  26  to  31  parts  per  thousand 
(ppt).  More  recent  data,  collected  in  1984,  as  part  of 
RESCO's  biological  survey  program  to  describe  the  impacts  of 
its  new  thermal  water  diffuser  provided  information  on  how 
salinity  varied  with  depth  along  the  lower  part  of  the  Saugus 
River.  At  three  stations  whose  locations  are  shown  in 
figure  15,  RESCO's  consultant  measured  salinities  as  well  as 
temperatures  on  various  sampling  dates  at  the  top,  middle  and 
bottom  of  the  water  column;  results  are  shown  in  tables  5 
and  6.  Stations  A  and  B  located  downstream  from  Route  107 
have  salinities  in  the  27  to  33  ppt  range  and  show  complete 
mixing  with  surface  to  bottom  variations  of  less  than  1  ppt. 
Station  C  located  above  Route  107  shows  only  slight  density 
stratification  with  surface  to  bottom  variations  amounting  to 
less  than  5  ppt.  The  temperature  data  shows  similar  charac¬ 
teristics  . 

The  Corps  collected  salinity  and  temperature  measurements 
at  various  depths  on  20  August  1986  as  part  of  this  study  at 
ten  different  locations  as  shown  in  figure  16.  For  six  of 
the  locations  (1  through  6),  data  was  gathered  generally  at 
one-half  to  one  hour  increments.  At  the  other  four 
locations,  grab  samples  were  taken  at  peak  low  and  high  tide 
conditions,  when  possible.  At  1  p.m.,  peak  high  tide  levels 
reached  approximately  6.0  feet  NGVD,  which  is  slightly 
greater  than  a  mean  spring  high  tide  condition.  Freshwater 
inflow  was  estimated  at  approximately  50  cfs.  Salinity  and 
temperature  measurements  are  presented  in  tables  7  and  8. 
Complete  water  column  mixing  is  present  at  stations  2,  3,  4 
and  5  with  nearly  complete  mixing  at  stations  1  and  6.  At 
the  other  4  stations  water  depth  was  generally  less  than  4  to 
5  feet  at  high  tide  indicating  that  these  areas  are  at  the 
upper  end  of  the  salinity  wedge. 

Other  salinity  measurements  were  performed  during  1  and  2 
December  1986  around  the  time  of  high  tide  to  try  to  pinpoint 
the  upper  end  of  salinity  wedge  intrusion  in  the  upper  Saugus 
River  estuary  and  the  Shute  Brook  areas,  (the  upper  limit  of 
salinity  for  the  Pines  River  i-:  located  at  the  MDC  tide  gates 
at  Town  Line  Brook).  Approximate  high  tide  measurements  for 
the  two  days  were  6.5  and  6.8  feet  NGVD,  respectively.  Field 
crews  followed  movement  of  the  upper  end  of  the  salinity 
wedge  of  the  approaching  high  tide  where  water  depths  were 
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TABLE  5 


SATTfiTTS  RIVER  SALINITY  DATA 
RESCO  BIOLOGICAL  MONITORING 
PROGRAM  - _ 1984 


SALINITY  (O/OO) 


Station  A 

Station 

B _ ... 

Station  C 

( 19841 

Surf 

Mid 

Bot 

Surf 

Mid 

Bot 

Surf 

Mid 

2  Feb 

2  Mar 

16  Mar 

32.4 

30.7 

31.1 

32.6 
31.3 

31.6 

32.6 

31.7 
31.7 

32.3 

25.9 

30.6 

32.3 

30.5 

30.6 

32.6 
30.8 

30.7 

13.9 

19.1 

ICED  OVER 
29.3 
25.7 

2  Apr 

16  Apr 

30  Apr 

29.4 
29.2 

27.4 

30.5 

29.2 

27.8 

30.9 

29.2 

28.1 

28.8 

28.8 

27.2 

30.1 

28.7 

27.4 

30.2 

28.8 

27.4 

23.0 

26.0 

23.1 

29.0 

27.4 

25.5 

14  May 

29.4 

29.8 

29.8 

29.2 

29.3 

29.4 

27.0 

27.7 

30  May* 

12  Jun 

28.4 

28.9 

29.0 

28.5 

28.5 

28.6 

24.6 

27.4 

27  Jun 

11  Jul 

26  Jul 

30.0 

30.6 

31.3 

30.2 

30.9 

31.5 

30.2 

31.1 

31.5 

29.4 

30.5 
31.0 

29.6 

30.5 

31.2 

29.8 

30.6 

31.2 

26.3 

24.9 

27.8 

27.7 

29.4 

30.5 

9  Aug 

27  Aug 

11  Sep 

30.6 

30.8 

30.9 

30.7 

30.9 

30.9 

30.7 

31.0 

30.9 

30.5 
30.5 
30.  1 

30.5 

30.5 

30.3 

30.6 

30.6 

30.4 

28.7 

29.5 

29.4 

29.6 

29.8 

29.5 

24  Sep 

9  Oct 

23  Oct 

31.8 

31.7 

32.0 

31.9 

31.7 

32.1 

31.9 

31.8 

32.3 

31.6 
31.3 

31.7 

31.8 

31.3 

31.7 

31.8 

31.3 

31.7 

31.2 
28.4 

27.3 

31.3 

29.8 

30.7 

2  Nov 

21  Nov 

21  Dec 

32.3 

33.0 

31.6 

32.4 

33.0 

31.7 

32.4 

33.0 

31.6 

31.7 

33.0 

31.6 

32.1 

33.1 
31.7 

32.1 

33.0 

31.7 

27.  1 
31.9 
31.3 

30.2 
32.5 

31.3 

Note:  *  Conductivity  circuit  malfunctioned. 


Bot 


29.5 
27.9 

29.0 

27.5 
26.0 

28.0 

27.5 

28.6 

29.8 

30.5 

29.9 

29.7 

29.5 

31.4 

30.1 

30.9 

30.7 

32.8 
31.4 
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TABLE  6 


SAPGUS  RIVER  WATER  TEMPERATURE  DATA 
RESCO  BIOLOGICAL  MONITORING 
PROGRAM  -  1984 


TEMPERATURE  (°C) 


Date 

Station  A 

Station  B 

Station 

C 

(1984) 

Surf 

Mid 

Bot 

Surf 

Mid 

Bot 

Surf 

Mid 

Bot 

2  Feb 

-1.3 

-1.2 

-1.2 

-1.3 

-1.2 

-1.2 

ICED  OVER 

2  Mar 

0.2 

0.2 

0.0 

0.2 

0.1 

0.0 

0. 1 

0.0 

0.0 

16  Mar 

0.9 

0.9 

0.8 

0.8 

0.9 

0.7 

1.0 

0.7 

0.8 

2  Apr 

5.1 

4.2 

3.8 

4.8 

4.3 

4.1 

4.8 

4.1 

3.8 

16  Apr 

4.3 

4.3 

4.3 

5.3 

4.5 

4.5 

4.9 

4.7 

4.8 

30  Apr 

9.4 

9.0 

8.8 

9.6 

9.2 

9.3 

11.6 

10.7 

10.2 

14  May 

7.9 

7.3 

7.2 

9.4 

8.1 

8.0 

10.6 

10.1 

9.7 

30  May 

11.0 

10.6 

10.5 

13.0 

11.6 

11.8 

16.0 

13.5 

13.0 

12  Jun 

16.5 

14.5 

14.3 

17.0 

15.7 

15.7 

21.3 

7.0 

16.7 

27  Jun 

15.8 

15.0 

14.7 

17.0 

16.0 

15.5 

18.3 

17.9 

17.1 

11  Jul 

14.2 

13.3 

12.7 

15.1 

14.1 

13.8 

18.8 

16.5 

15.4 

26  Jul 

13.2 

11.7 

11.5 

13.7 

13.3 

13.1 

19.8 

16.4 

16.0 

9  Aug 

18.7 

18.2 

17.7 

19.3 

19.0 

18.6 

22.9 

21.8 

21.6 

27  Aug 

19.3 

19.1 

19.1 

19.7 

19.6 

19.6 

20.9 

20.7 

20.7 

11  Sep 

18.0 

18.0 

18.0 

21.1 

19.1 

18.5 

20.1 

20.0 

20.0 

24  Sep 

15.0 

14.8 

14.5 

17.2 

15.7 

15.6 

16.9 

17.0 

16.8 

9  Oct 

11.8 

11.7 

11.7 

12.0 

11.8 

11.7 

12.0 

11.9 

11.8 

23  Oct 

13.1 

12.9 

12.7 

14.6 

13.5 

13.4 

15.2 

14.6 

14.4 

7  Nov 

9.5 

9.5 

9.4 

9.7 

9.4 

9.5 

9.2 

9.2 

9.2 

21  Nov 

2.9 

3.1 

3.1 

3.4 

3.1 

3.1 

2.7 

2.4 

2.7 

21  Dec 

4.1 

4.1 

4.1 

4.6 

4.1 

4.1 

3.8 

3.9 

3.9 
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SAUGUS  RIVER 
NAVIGATION  STUDY 

PINES  RIVER 
NAVIGATION  STUDY 

SAUGUS  RIVER 
FLOOD  REDUCTION 
STUDY 
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HIGH  TIDE  LEVELS  REACHED  3.8'  MGVD  AT  STATION  1  AND  6. O'  NGVD  AT  STATION 


TABLE  8 

SAUGUS  RIVER  ESTUARY 
NED  NATER  TEMPERATURE  DATA 
(DEGREES  FAHRENHEIT) 


3»iusn2ssssu3t2:3:ssss:M33ss:t:«3ss3S3Kmu::usaM3s:zK$ssss:3ssxs<s3ass3s»tsxi:3s:s:ssssss::sxs2i3si232i3«ss8ms?:z 


STATION 

1 

2 

3 

4 

5 

6 

1A 

2A 

LA 

LB 

LOCATION 

IN  THE  TOP 
HATER 

COLUHN 

HID.  BUT. 

TOP  HID.  SOT. 

TOP  HID.  BOT. 

TOP  HID.  BOT. 

TOP  HID.  BOT. 

TOP  HID.  BOT. 

HID. 

HID. 

HID. 

HID. 

TINE 


L  AH 

54.0 

L2.0 

61.0 

66.0 

6:30 

7:00 

55.0 

64.0 

LL.O  LL.O 

64.0  64.0 

68.0 

68.0 

7:30 

L4.0  LL.O  L4.0 

LL.O  LL.O 

67. 0  47.0  67. 0 

70.0 

8:00 

55.0 

LO.O  LL.O  LL.O 

LL.O  LL.O 

67. 0  67. 0  67.0 

LL.O  LL.O 

70.0 

8:30 

L7.0  LL.O 

67.0  67.0  67.0 

9:00 

57.0 

L8.0  LL.O  LL.O 

LS.O  L5.0  LS.O 

65.0  65.0  65.0 

63.0 

70.0  72.0 

9:30 

L4.0  L4.0  L4.0 

10:00 

57.0 

L4.0  64.0  L4.0 

LL.O  65.0  L5.0 

63.0  63.0  64.0 

70.0  70.0 

10:30 

LL.O  LL.O  LL.O 

L4.0  L4.0  L4.0 

LS.O  L5.0  65.0 

11:00 

55.0  55.0 

LL.O  LL.O  LL.O 

L4.0  L4.0  64,0 

65.0  65.0  65.0 

63.0  64.0 

71.0  71.0 

11:30 

64.0  64.0  L4.0 

65.0  65.0  LS.O 

72.0 

55.0 

12  PH 

57.0  57.0 

L5.0  64. 0  64.0 

65.0  63.0  65. 0 

63.0  63.0  63.0 

73.0  73.0  72.0 

73.0 

12:30 

65.0  63. 0  65.0 

1:00 

55.0  55.0 

65. 0  LS.O  LS.O 

LL.O  LL.O  LS.O 

68.0  64.0  64.0 

75.0 

1:30 

LL.O  LL.O  LL.O 

LL.O  65.0  65.0 

2:00 

55.0  35.0 

L4.0  LL.O  LL.O 

LL.O  LL.O  LL.O 

LL.O  LL.O  LL.O 

64.0  66.0  64.0 

74.0  74.0 

2:30 

LL.O  LL.O 

66.0  67. 0  67.0 

3:00 

59.0  39.0 

L8.0  LB.O  LL.O 

LL.O  LL.O 

67.0  67.0  67.0 

64.0  64.0  64.0 

75.0  75.0 

3:30 

67. 0  67. 0 

4:00 

59.0  39.0 

L8.0  LL.O  LL.O 

L7.0  67. 0 

70.0  69.0  68.0 

68.0  68.0  68.0 

74.0 

4:30 

L8.0  LB.O 

5:00 

57.0 

L8.0  LL.O  LL.O 

70.0  69. 0 

71.0  70.0  69.0 

68.0  66.0 

72.0 

5:30 

70.0  70.0 

71.0  70.0  70.0 

L:00 

70.0  70.0 

71.0  70.0  70.0 

NOTES  1  THE  F0LLQNIN6  ARE  THE  APPROXIMATE  TINES  FOR  HIGH  AND  LON  TIDES 


STATIONS  LON  HIGH  LON 


3,  4,  5,  6,  LA,  LB  6:00  AN  12:30  PH  6:30  PR 
1,  2,  IA,  2A  6:30  AN  1:00  PN  7:00  PH 

2.  HIGH  TIDE  LEVELS  REACHED  3.8’  N6VD  AT  STATION  1  AND  6.0’  N6VD  AT  STATION  3. 

3.  SAMPLES  COLLECTED  ON  AU6UST  20,  1986. 
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generally  less  than  6  feet.  The  criteria  used  for  identi¬ 
fying  the  upper  edge  of  the  salt  wedge  was  to  use  salinity 
values  less  than  0.5  ppt  as  a  cutoff  point.  It  was  deter¬ 
mined  that  for  these  particular  tide  levels,  salinity  did  not 
extend  any  further  than  just  upstream  from  the  southerly 
Saugus  Ironworks  historical  site  boundary  line  on  the  Saugus 
River  and  about  500  feet  south  of  the  Central  Street  bridge 
on  Shute  Brook  (see  plate  1)  .  The  streambeds  for  both  these 
water  bodies  rise  very  quickly  soon  after  those  points  and 
even  extreme  storm  tides  (10  feet  NGVD)  would  only  extend 
upstream  from  this  point  less  than  1,000  feet.  It  was  also 
noted  that  there  did  not  appear  to  be  any  salinity  resistant- 
vegetation  existing  above  the  Saugus  River  historical  site  or 
above  the  Central  Street  bridge.  On  these  days,  salinity 
measurements  in  the  Saugus  River  at  the  Lincoln  Avenue  bridge 
showed  nearly  complete  mixing  during  peak  high  tide  condi¬ 
tions  while  the  water  column  in  the  Saugus  River  at  the 
Hamilton  Street  bridge  and  in  Shute  Brook  about  1,000  feet 
above  the  Lincoln  Avenue  bridge  showed  definite  stratifica¬ 
tion  in  the  relatively  shallow  waters  (less  than  6  feet 
deep)  . 

Other  observations  made  as  a  result  of  the  Corps  salinity 
measurement  program  during  low  freshwater  flow  conditions  in¬ 
clude:  (1)  the  lower  Pines  and  Saugus  Rivers  (east  of  Route 

107)  are  completely  mixed  and  the  freshwater  contribution  is 
so  minor  it  acts  as  a  homogeneous  saline  water  body,  (2)  due 
to  its  enormous  surface  area  and  its  small  freshwater  drain¬ 
age  contribution  (total  drainage  area  of  the  Pines  River  * 

8.9  square  miles),  the  Pines  River  in  the  vicinity  of  the 
Seaplane  Basin  also  acts  as  a  homogeneous  saline  water  body, 
(3)  the  narrow  bridges  on  both  the  Saugus  and  Pines  Rivers 
cause  increased  turbulence  and  result  in  complete  mixing  at 
the  structures,  and  (4)  the  only  salinity  stratification  that 
occurs  during  dry  weather  conditions  is  in  those  areas  up¬ 
stream  from  the  Lincoln  Avenue  bridge  in  the  Saugus  River  and 
Shute  Brook. 

The  movement  of  the  salt  wedge  for  Shute  Brook  and  the 
upper  Saugus  River  is  dependent  upon  the  freshwater  flow  rate 
and  the  tidal  range.  Assuming  a  storm  hydrograph  with  a  12- 
hour  base  and  a  peak  flow  rate  of  about  2,000  cfs  (the 
estimated  peak  flow  rate  of  record)  the  freshwater  volume 
produced  would  be  about  1,000  acre-feet  which  is  equivalent 
to  the  volume  in  the  upper  end  of  tha  Saugus  River  tidal 
estuary  above  Pox  Hill  bridge  up  to  a  height  of  6.5  feet 
NGVD. 
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e.  Corps  Water  Quality  Data 


(1)  General .  For  the  purposes  of  defining  impacts 
for  this  study  and  for  NED  navigation  studies  of  the  Saugus 
and  Pines  River,  the  Corps  Water  Quality  Lab  has  collected 
water  quality  data  over  the  past  several  years.  Water  column 
grab  samples  were  collected  and  metals,  nutrients  and  hydro¬ 
carbons  analyzed  during  various  times  in  the  1982-1984  period 
as  part  of  the  navigation  investigations.  Water  column  grab 
samples  were  also  collected  at  various  times  over  a  full  tide 
cycle  on  20  August  1986  under  dry  weather  conditions  for  this 
study  and  metals,  DO,  pH,  coliform,  nutrients,  suspended 
solids,  oil  and  grease,  color  and  turbidity  parameters  were 
analyzed.  Figure  16  shows  locations  of  the  samples  gathered 
by  the  Corps  and  table  9  summarizes  results  of  the  water 
quality  sampling  programs  for  the  Corps'  Saugus  and  Pines 
Rivers  navigation  studies.  Tables  10  and  11  present  results 
of  the  water  quality  analyses  for  the  August  1986  program 
conducted  as  part  of  this  study.  Table  12  presents  EPA's 
water  quality  criteria  for  toxic  substances  in  a  saltwater 
environment  ("Gold  Book  Criteria"). 

Review  of  the  data  collected  shows  agreement  with  the 
conclusions  reached  by  the  MDWPC  in  their  1982  Water  Quality 
Management  Report  for  the  basin,  i.e.,  there  does  not  appear 
to  be  any  major  pollutant  sources  attributable  to  industrial 
activities;  in  general,  despite  dense  urbanization  of  the 
basin,  BOD,  DO,  nutrients,  and  suspended  solid  levels  are 
indicative  of  good  water  quality  during  dry  weather  condi¬ 
tions;  the  upper  portion  of  the  tidal  estuary  which  consists 
of  the  tidal  area  above  Lincoln  Avenue  on  the  Saugus  River 
and  above  the  1-95  embankment  on  the  Pines  River,  is  the  most 
severely  impacted  by  sources  of  domestic  sanitary  pollution; 
and  this  sanitary  pollution  is  carried  over  to  the  lower  part 
of  the  basin  where  as  a  result  of  tidal  flushing  action,  high 
pollutant  concentrations  are  diminished.  Other  problems 
noted  during  the  data  collection  included  high  coliform 
levels  in  the  upper  tidal  estuary  during  dry  weather,  low  DO 
levels  in  the  upper  Pines  River  and  occasional  high  concen¬ 
trations  of  certain  heavy  metals  throughout  the  tidal 
estuary.  Further  discussion  of  data  is  presented  below. 

(2)  Coliform.  During  the  August  1986  sampling 
total  coliform  counts  varied  from  30  to  over  11,000 
colonies/100  ml  and  fecal  coliform  levels  ranged  from  2  to 
11,000  colonies/  100  ml.  The  highest  levels,  which  exceeded 
state  criteria,  generally  occurred  at  the  upper  ends  of  the 
tidally  influenced  portions  of  the  water  body  during  a  low 
tide  condition  (note  results  for  sampling  stations  1,  2a,  6, 
6a  and  6b  in  table  10).  High  coliform  levels  are  also 
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TABLE  9 

WATER  QUALITY  SAMPLING  RESULTS 
NED’S  NAVIGATION  INVESTIGATIONS 
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TA81I  10 


SAU6US  RIVED  ESTUMT 
Cl  DOTED  DUALITY  BATA 


STOTIM  TIDE 


DOTED  QUALITY  PAAARETERS 
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1 

LOB 

2460 

420 

5.5 

6.5 

0.11 

0.22 

0.50 

5.0 

20 

0.52 

<2 

<0.5 

2.5 

170 

<1.5 

1 

55 

DIO 

0.11 

0.45 

0.56 

<2 

<0.5 

2.8 

0.4 

<1.5 

1 

55 

HIGH 

200 

56 

4.2 

6.5 

0.07 

0.08 

0.20 

2.0 

10 

0.07 

<2 

<0.5 

1.8 

<0.1 

<1.5 

2 

IS 

DIO 

0.06 

0.15 

0.10 

2 

<0.5 

5.8 

<0.1 

<1.5 

<1 

62 

LOD 

0.05 

0.12 

0.24 

2.1 

15 

0.24 

2 

<0.5 

5.8 

<0.1 

<1.5 

1 

70 

2 

LOD 

1480 

160 

5.4 

7.2 

0.02 

0.10 

0.10 

4.0 

15 

0.15 

2 

<0.5 

4.5 

0.14 

<1.5 

1 

25 

mo 

0.00 

0.11 

0.20 

<2 

<0.5 

4.7 

<0.1 

<1.5 

l 

17 

HIGH 

65 

4 

4.0 

0.0 

7.6 

<0.1 

0.14 

0.10 

5.0 

10 

0.00 

<2 

<0.5 

5.7 
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1 

<2 
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0.06 
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<0.5 
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1 
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<0.5 

6.2 

<0.1 

<1.5 

1 

17 

] 

LOB 

uo 

54 

7.1 

7.4 
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0.17 

2 

<0.5 
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DOTE:  ALL  PARAICTERS  DEDE  REASUAED  FOOD  TIC  RIOOEPTH  OF  THE  DOTED  COUDM  ON  OUEUST  20,  I486. 
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SAUGUS  RIVER  ESTUARY 
TOTAL  SUSPENDED  SOLIDS 
(IN  MG/L) 
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VOLATILE  SUSPENDED  SOLIDS  FOR  THESE  SAME  SAMPLES  RANGED  FROM 
0.6  MG/L  TO  3.4  MG/Lj  AVERAGING  ABOUT  3  MG/L. 


* 


NOTES:  * 


** 


TABLE  12 


ENVIRONMENTAL  PROTECTION  AGENCY'S  * 

WATER  QUALITY  CRITERIA  (1986) 

TOXIC  LEVELS  FOR  SENSITIVE  AQUATIC  LIFE 

("GOLD  BOOK  CRITERIA")  ] 


PARAMETER 

MARINE  * 

ACUTE 

CRITERIA 

MARINE  * 
CHRONIC 
CRITERIA 

(PPB) 

(PPB) 

CADMIUM 

43 

9.3 

CHROMIUM 
(HEX. ) 

1100 

50 

COPPER 

2.9 

2.9 

LEAD 

140 

5.6 

MERCURY 

2.  1 

0.025 

NICKEL 

140 

7.  1 

ZINC 

170 

58 

PCB 

10 

0.  03 

Marine  Acute  Criteria  is  the  highest  level  of  contaminants 
which  would  not  result  in  unacceptable  effects  to  sensitive 
marine  aquatic  life  exposed  to  the  highest  one  hour 
average  concentration. 


Marine  Chronic  Criteria  is  the  highest  level  of  contaminants 
which  would  not  result  in  unacceptable  effects  to  sensitive 
marine  aquatic  life  exposed  to  the  highest  four  day 
average  concentration. 
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carried  downstream  in  the  Saugus  and  Pines  River  where  state 
criteria  for  total  coliform  were  exceeded  at  stations  2,  4 
and  5  during  low  tide  conditions.  Since  this  sampling  had 
occurred  during  a  period  when  there  had  been  no  antecedent 
rainfall  for  several  days  it  appears,  as  suggested  by  the 
MDWPC,  that  direct  sewage  overflows  or  defective  septic 
systems  are  draining  into  Shute  Brook,  upper  Diamond  Creek, 
Town  Line  Brook  and  possibly  the  Saugus  River  above  the 
Lincoln  Avenue  bridge.  Coliform  levels  are  diluted 
significantly  during  high  tides,  such  that  state  saltwater 
criteria  were  met  at  all  stations  with  the  exception  of 
stations  2a,  6a  and  6b. 

(3)  Dissolved  Oxygen  and  BOD.  Dissolved  oxygen 
levels  were  measured  during  low  and  high  tide  conditions  in 
August  1986.  The  results  generally  show  that  during  extreme 
low  tide  conditions  there  is  a  low  DO  problem  in  the  Saugus 
and  Pines  Rivers  above  Route  107.  During  high  tide  measure¬ 
ments,  most  areas  meet  the  minimum  6  mg/1  state  criteria  with 
the  exception  of  the  upper  Pines  River  and  upper  Diamond 
Creek  area.  BOD  measurements  were  made  on  grab  samples  taken 
at  high  tide.  All  results  are  less  than  1.5  mg/1  and  show  no 
indication  of  a  large  pollutant  source.  It  is  unknown  at  the 
present  time  what  causes  the  low  dissolved  oxygen;  however, 
benthic  organism  interaction  with  built-up  organic  sediments 
may  be  a  significant  problem.  Also,  algae  buildup  in  the 
upper  portions  of  the  Saugus  and  Pines  may  cause  DO  depletion 
during  summer  weather.  Nutrient  levels  are  sufficient  to 
support ' rapid  algae  growth  and,  in  the  case  of  the  upper 
Pines  River  above  the  1-95  embankment,  tidal  interchange  is 
somewhat  limited  by  the  weir-like  restriction  which  currently 
exists  as  the  opening  for  the  1-95  embankment.  Data 
collected  during  a  wet-weather  period  by  LWSC’s  consultant 
indicate  that  storm  events  have  more  of  an  impact  on  the  DO 
of  the  upper  non-tidal  portion  i  of  the  basin  than  on  the 
tidal  portion  where  runoff  is  diluted  by  the  tidal  prism. 

(4)  pH .  Those  areas  inundated  by  large  amounts  of 
saltwater  have  high  pH  as  depicted  by  the  results  at  stations 
2  through  5;  pH  generally  above  7,  rises  as  high  as  8.0 
standard  units  (SO) .  Lower  pH  below  the  state  criteria  of 
6.5  SU  occurs  in  the  upper  areas  of  the  Saugus  and  Pines 
Rivers  and  in  the  small  streams  that  drain  into  the  estuary 
during  times  of  low  tide.  Since  there  are  no  known  indus¬ 
trial  discharges  in  the  upper  basin,  the  low  pH  may  either  be 
related  to  the  "acid  rain"  phenomena  which  has  been  docu¬ 
mented  throughout  New  England  or  due  to  organic  acids  which 
are  produced  in  peat  areas  of  the  upstream  wetlands.  The 
soils  of  the  freshwater  portions  of  the  upper  drainage  basin 
have  insufficient  buffering  capacity  to  raise  the  pH  of  acid 
runoff . 
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(5)  Nutrients .  Total  phosphorous,  nitrate/nitrite- 
nitrogen  and  ammonia  were  measured  during  both  the  navigation 
studies  and  in  August  1986.  Total  phosphorous  levels  ranged 
from  a  low  of  .03  mg/1  to  a  high  of  0.15  mg/1.  According  to 
the  1986  data  the  higher  concentrations  occurred  at  times  of 
low  tide  and  at  the  upstream  ends  of  the  tidal  marsh  indi¬ 
cating  that  the  pollution  source  may  be  from  combined  sewer 
overflows  or  septic  system  failures.  Nitrate/  nitrite  levels 
ranged  from  0.045  to  0.75  mg/1  and  ammonia  levels  ranged-  from 
0.04  to  0.61  mg/1;  both  parameters  generally  followed  the 
same  occurrence  pattern  as  previously  described  for  phos¬ 
phorous.  None  of  the  samples  analyzed  indicate  that  there  is 
a  major  point  source  of  domestic  wastewater  occurring  during 
dry  weather  conditions.  Purther  analysis  undertaken  during 
the  wet-weather  sampling  program  of  the  LWSC  combined  sewer 
overflow  study  indicates  that  there  are  no  other  known  major 
point  sources  other  than  from  the  CSO. 

(6)  Suspended  Solids  and  Sediment  Movement.  Sus¬ 
pended  solids  were  collected  throughout  the  12-hour  tide 
cycle  at  top,  middle  and  bottom  of  the  water  column  for 
stations  1  through  6  (table  11).  Data  show  low  amounts  of 
total  solids  throughout  the  tide  cycle  with  values  ranging 
from  7  to  31  mg/1;  solids  concentrations  averaged  13  mg/1  and 
the  volatile  portion  averaged  about  3  mg/1.  There  was  not  a 
significant  variation  from  top  to  bottom  at  any  of  the  sites 
indicating  that  there  was  only  a  minor  amount  of  suspended 
sediment  moving  along  the  bottom.  The  largest  difference  be¬ 
tween  the  surface  to  bottom  values  occurred  as  expected  near 
station  4  where  the  bridge  constriction  caused  higher  velo¬ 
cities.  Still  the  variations  were  small  ranging  from  16  mg/1 
at  the  top  to  26  mg/1  at  the  bottom  for  the  floodtide  and 
from  8  to  29  mg/1  for  the  ebb  tide. 

The  suspended  solids  results  reinforce  what  has  been 
suspected,  i.e.,  any  downstream  migration  of  sediment  from 
the  upper  basin  will  be  minimal  during  low  freshwater  flow 
conditions  because  of  hydr ologically  slow  basin  charac¬ 
teristics  (short  stream  lengths  interconnected  by  large  wet¬ 
land  are- s) .  It  is  likely  that  if  there  is  any  movement  of 
sediment  from  the  upper  basin  at  all,  it  will  take  place 
during  major  freshwater  runoff  events.  Since  normal  fresh¬ 
water  contribution  is  minimal  with  respect  to  the  tidal 
interchange  volume,  erosion  and  sedimentation  in  the  salt¬ 
water  estuary  in  the  lower  basin  will  be  controlled  by  tidal 
fluctuations.  There  was  very  little  sediment  movement 
measured  in  the  saltwater  wetlands  during  a  normal  tide  range 
condition  on  the  20  August  1986  sampling  date  (tide  range 
10.6  feet  on  flood,  9.8  feet  on  ebb).  It  is  assumed  that  if 
suspended  solids  concentrations  resulting  from  sediment 
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movement  are  significant  at  all,  they  would  be  observed  dur¬ 
ing  a  major  tidal  storm  event.  Another  conclusion  based  on 
current  and  tidal  measurements  is  that  sediment  movement  in 
both  the  Pines  and  Saugus  Rivers  upstream  from  Route  107  will 
probably  not  be  as  significant  as  that  downstream  since  there 
are  restrictive  bridge  openings  in  this  area  which  dampen 
rapid  tidal  changes. 

Sediment  accretion  at  the  mouth  of  the  Saugus  River 
near  Point  of  Pines  has  also  been  noted  from  discussions  with 
long  term  residents.  Sediment  seems  to  be  accumulating  at 
the  mouth  of  the  Saugus  River  as  a  result  of  the  northerly 
movement  of  material  along  Revere  Beach  (littoral  process) 
rather  than  from  the  outward  transport  from  the  river.  More 
detailed  analysis  is  presented  in  the  Hydraulics  and  Hydrol¬ 
ogy  and  Evironmental  Appendices. 

(7)  Turbidity  and  Color.  Turbidity  and  apparent 
color  measurements  were  made  at  middepth  of  the  water  column 
for  high  and  low  tide  conditions  for  stations  1  through  6 
during  the  August  1986  sampling  (table  10).  Turbidity  values 
were  low,  ranging  from  0.8  to  4  Jackson  Turbidity  Units 

( JTU ) .  Apparent  color  levels  showed  significantly  more 
variation,  ranging  from  5  Standard  Units  (SU)  up  to  40  SU. 

The  highest  levels  were  recorded  at  the  most  upstream  sta¬ 
tions  (1  and  6),  with  station  6  having  a  40  SU  reading  at 
dead  low  tide,  a  value  which  might  be  expected  from  a  fresh¬ 
water  wetland  type  environment.  Apparent  color  values  in  the 
well  mixed  estuary  averaged  around  10  SU. 

(8)  Oil  and  Grease.  Oil  and  grease  measurements 
were  collected  during  low  and  high  tide  conditions  during  the 
August  1986  sampling  and  grab  samples  were  also  taken  during 
the  Pines  and  Saugus  Rivers  navigation  study.  In  general, 
the  levels  of  oils  and  grease  are  low,  less  than  1  mg/1  w^lh 
the  exception  of  a  high  reading  (225  mg/1)  taken  at  station  G 
on  the  Saugus  River  just  downstream  from  the  Route  107 
bridge  (see  table  9) .  This  high  value  could  have  occurred  as 
a  result  of  a  small  spill  from  one  of  the  commercia)  boats  or 
marinas  located  upstream.  It  is  unlikely  that  this  is  a 
continuous  source  since  standard  EPA  elutriate  tests  were 
also  completed  on  sediments  taken  from  throughout  the  pro¬ 
posed  channel  for  the  Saugus  and  Pines  Rivers  navigation 
studies  and  these  results  generally  show  oil  and  grease 
concentrations  of  less  than  1  mg/1  with  12  mg/1  being  the 
most  ever  measured. 


C-52 


(9)  PCB *  s .  Grab  samples  for  PCB's  were  collected 
during  both  the  August  1986  sampling  and  the  navigation 
studies.  Analysis  shows  that  PCB  concentrations  were  in 
general  less  than  0.03  ppb  (parts  per  billion)  except  for  one 
sample  taken  during  the  navigation  study  upstream  from  Route 
107  on  the  Saugus  River  when  a  level  of  2.9  ppb  was  measured. 
This  level  is  higher  than  EPA's  chronic  criteria  but  less 
than  the  acute  criteria  necessary  to  protect  sensitive 
aquatic  life. 

(10)  Metals .  Grab  samples  were  collected  at  various 
times  over  the- FuTT-* tide  cycle  on  20  August  1986  for  sta¬ 
tions  1  through  6  and  singular  grab  samples  were  collected 
for  various  stations  for  the  navigation  studies.  The  results 
show  that  there  were  a  number  of  metals  exceeding  EPA's 
chronic  criteria  to  protect  sensitive  marine  aquatic  life 
although  the  less  stringent  acute  criteria  were  usually  met. 
Mercury  appears  to  exceed  the  chronic  criteria  frequently 
while  other  metals  showing  occasional  exceedances  include 
copper,  zinc,  lead  and  nickel.  Acute  criteria  is  also 
occasionally  exceeded  by  copper.  It  is  unknown  what  effects, 
if  any,  these  elevated  levels  are  having  on  the  environment; 
marine  life  may  have  adapted  to  the  higher  levels  or  perhaps 
the  metals  are  in  a  form  not  easily  assimilated  by  the  orga¬ 
nisms.  Mercury  levels  ranged  from  less  than  1  ppb  to  as  high 
as  10  ppb,  the  higher  levels  occurring  at  station  6  at  the 
Lincoln  Avenue  bridge.  Copper  measurements  made  during 
August  1986  were  discarded  since  there  appeared  to  be  contam¬ 
ination  in  the  sampling  apparatus;  however,  copper  data  col¬ 
lected  as  part  of  the  navigation  studies  showed  levels 
varying  from  less  than  1  ppb  to  21  ppb  with  the  highest 
levels  occurring  in  the  lower  Pines  River  area.  Lead  dis¬ 
played  only  one  exceedance  of  the  chronic  criteria  in  the 
lower  Pines  River  area.  The  rest  of  the  measurements  were 
generally  less  than  1.5  ppb.  Zinc  levels  range  from  less 
than  2  ppb  to  102  ppb  with  only  a  few  samples  exceeding  EPA's 
chronic  criteria.  The  higher  levels  appear  to  be  more  pre¬ 
valent  during  low  tide  and  generally  closer  to  the  freshwater 
source.  Nickel  was  measured  during  the  navigation  studies 
and  showed  values  ranging  from  4  ppb  to  23  ppb,  slightly 
exceeding  EPA's  chronic  criteria  a  number  of  times  on  the 
lower  Saugus  River.  Cadmium,  chromium  and  arsenic  were 
measured  during  August  1986  and  values  were  less  than  EPA's 
chronic  criteria  levels. 
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3.  FUTURE  WATER  QUALITY 


a.  General .  The  majority  of  the  text  on  future  water 
quality  conditions  will  deal  with  implementation  of  the 
Regional  Floodgate  Plan  since  it  raises  the  most  questions 
relative  to  potential  changes  from  existing  conditions.  The 
nonstructural  scheme  should  have  no  impact  since  construction 
will  be  minor  and  not  take  place  in  the  wetlands  or  waterways 
of  the  study  area. 

The  Local  Protection  Plan  (LPP)  alternative  (figure  2) 
may  have  minor  long  term  impacts  on  water  quality  since  the 
required  earthen  dikes  and/or  concrete  walls  generally  would 
have  to  be  constructed  near  the  wetland/upland  boundary.  The 
implementation  of  the  LPP  scheme  would  result  in  a  temporary 
increase  in  turbidity  during  construction  and  a  permanent 
loss  of  about  40  acres  of  nutrient,  organic,  and  metal 
absorbing  wetland  area  (about  half  vegetated).  There  would 
be  no  change  in  nonstorm  related  flowage  areas;  therefore,  no 
change  should  be  noticeable  in  the  normal  flushing  character¬ 
istics  of  the  estuary.  During  storms,  velocities  in  the 
channel  will  increase  slightly  in  some  areas  if  the  dikes 
associated  with  the  plan  reduce  the  flowage  area.  Any 
increase  in  turbidity  relating  to  velocity  increases  should 
be  minor. 

The  Regional  Floodgate  Plan  components  (figure  3),  of 
which  the  tidal  floodgate  is  the  main  constituent,  will 
directly  impact  no  vegetated  wetland  but  will,  due  to  the 
physical  constriction  of  the  structure  at  the  river's  mouth, 
produce  minor  alteration  in  tidal  levels  and  flushing  in  the 
estuary.  The  degree  of  change  is  related  to  the  size  of  the 
openings  and  their  locations.  Analysis  has  shown  that  the 
proposed  navigation  and  flushing  gate  openings  are  of 
sufficient  size  and  depth  so  that  they  will  cause  only  minor 
changes  to  the  flushing  characteristics  of  the  estuary  in  the 
open  position.  Because  of  the  concern  expressed  about 
flushing  changes  and  its  impact  on  water  quality,  significant 
detail  has  been  presented  in  this  text  and  in  the  Hydrology 
and  Hydraulics  Appendix  to  describe  the  differences.  Changes 
in  currents  will,  in  general,  be  restricted  to  within  a  few 
hundred  feet  of  the  gate  structure.  During  relatively 
infrequent  periods  of  gate  closure  for  ocean  storms,  tidal 
flushing  of  the  estuary  will  cease  for  a  few  hours.  During 
this  period  freshwater  runoff  will  be  retained  in  the 
estuary.  Normal  flushing  will  rapidly  resume  after  several 
hours  of  gate  closure  when  storm  tides  recede  below  damaging 
levels . 
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Current  and  Flushing  Impacts  of  the  Tidal  Ploodgate 


(1)  General .  A  hydrologic  and  hydraulic  analysis  of 
tidal  currents/  levels,  and  flushing  was  conducted  with 
various  gate  configurations  to  ensure  minimal  impacts  to 
navigation  and  the  environment.  Details  of  the  analysis, 
including  model  development  and  its  calibration,  is  presented 
in  the  Hydrology  and  Hydraulics  Appendix. 

The  proposed  floodgate  structure  determined  from  the 
hydrologic  and  hydraulic  analysis  consists  of  one  100-foot 
wide  navigation  gate  (invert  at  -18  feet  NGVD)  and  ten  50- 
foot  wide  gates,  14  feet  high  (inverts  at  -14  feet  NGVD). 

Due  to  the  geometry  of  the  channel  bottom,  the  desire  to 
minimize  scour  and  shoaling  and  the  need  to  provide  the  most 
efficient  flow  area,  the  gates  were  located  in  the  deepest 
parts  of  the  channel,  away  from  the  more  easily  erodible 
south  side  (see  the  Main  Report  for  detailed  drawings  of  the 
gate  configuration) . 

(2)  Current  Analysis  at  the  Ploodgate.  Six 
different  floodgate  opening  configurations  were  evaluated. 

A  description  of  their  configurations  and  the  rationales  for 
their  formulations  are  listed  in  table  13.  The  alternatives 
were  evaluated  for  mean,  mean  spring,  and  maximum  astronomic 
tide  ranges  and  the  results  are  reported  in  table  14. 

Average  velocities  range  from  10.8  fps  for  mean  spring  tide 
for  the  FC  alternative  to  1.6  fps  for  the  EN  alternative. 

The  EN  alternative  produces  velocities  that  are  very  close  to 
those  which  exist  at  the  General  Edwards  bridge  under  a  mean 
spring  tide  condition.  Alternative  N3  is  the  first 
alternative  where  average  velocities  for  all  existing  astro¬ 
nomic  tide  conditions  remain  under  the  prescribed  3  knot 
criterion  (see  Hydrology  and  Hydraulics  Appendix).  The 
frequency  of  occurrence  of  velocities  reaching  3  knots  has 
been  determined  for  each  alternative  for  today's  tidal 
conditions  and  is  presented  in  table  15.  As  can  be  seen, 
alternatives  N3,  N4,  and  EN  produce  conditions  which  very 
seldom,  if  ever,  reach  3  knots. 

Removal  of  the  abandoned  1-95  highway  embankment,  if  it 
were  ever  to  occur,  and  deepening  of  the  Saugus  River  for  the 
Corps'  proposed  navigation  project  could  cause  an  approximate 
10  percent  increase  in  maximum  velocities  over  those 
determined  for  existing  conditions  at  the  tidal  gate.  This 
estimated  increase  is  based  on  an  analysis  using  dynamic 
modeling  methods  as  described  in  the  next  section.  The 
potential  velocity  increase  is  hard  to  define  at  present 
since  it  is  unknown  where  or  how  many  openings  would  be 
constructed  through  the  embankment.  However,  it  is  safe  to 
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FLOODGATE  OPENING  ALTERNATIVES 


B  to  • 
3  —  9s 
B  •  *» 

•H  XO  -H 

c  w  o 

•  O 

B  >  -H 

a 

o  c  > 
•P  o 

•H  © 
4»| 

c  « 

00  c 
c  o 
•  >  ~« 
©.  <0  -P 
O  C  4 

•  W  • 
N  »  TJ 
•H  (j  -H 

co  a.  a 


«  (o  n 
c  P  -p 

^  T3  O 

c  c 

9  >  M 

a.  -p 
o  -h  n 
V 

•  °  , 
N  H  U 

•h  •  d 
W  >  *~l 


J5  -P 
■p  c  o 
<0  C 

•SI* 

3  W 


w  -«  « 

cJ 

C  P  «M 


0,43(0 
O  -W 

a  «p 
•  op 
N  •—*  O 

®  x> 

CO  >  • 


>  o 

•  *3 

B  o 
2  e 
8  o  • 

Jo 

X  -p  w 

3«  -P 

<0  o 

5  Is 

.fi  B  o 

X  IO 

s  g~, 
s » si 

C  0*1 

* 

00  S*  H 
CP- 
•rt  0  lOl 

c 

•  >  op 

OooP  P 
O  o 

O  £> 
•  O  10 
N  H 
-0-4  ®  » 

CO  >  -^ 


a.  •  c 
0.000 
■H 

•  (•  (0  *> 
N  «  9  O 
fa  0.  « 

co  «  «  to 


•I  • 

cal  >  o 

•  •  to 

<0  J  fa  M 

•  .  It 

fa  ft  3  — 

<  •  er 

col  to 

* 

O 


C-56 


12,170  Size  openings  such  that  maximum  average 

velocity  during  mean  spring  range  is  as 
close  to  existing  (1.7  Ips)  as  possible. 


TABLE  14 


MAXIMUM  AVERAGE  VELOCITIES 
(From  Hydrologic  Routing  Analysis) 
(feet  per  second) 


Al t  erna t i ve 

Mean  Range 

Mean  Spring 
Range 

Maximum 

Astronomic 

Range 

Existing 

Cond i t ion 

- 

1.7* 

_ 

FC 

9.4 

10.8 

14.1 

N  1 

5.2 

6.1 

(2.6)** 

8.8 

(4.5)** 

N2 

4.2 

5.0 

7.3 

(3.8)** 

N  3 

2.9 

3.4 

5.3 

N4  (SELECTED) 

1.7 

2.1 

3.3 

EN 

1  .3 

1  .6 

2.4 

NOTES:  *From  gaging  completed  be  U.S.  Geological  Survey 

**E8timated  number  of  hours  during  the  approximate 
6.25  hour  period,  from  high  to  low  tide  when  5.1 
fps  (3  knot)  average  velocity  criteria  will  be 
exceeded  . 
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TABLE  15 


4  4  >  to 
D  U  P 
C  -w  U3  O 
C  6-*  P  G 

<  £  * 
•  O  lOl 
*o  to 
4  ft*  ^  4 
ft*  4  > 

9  XX  4  O 
>  S  la*  X> 
<  3  < 


CD 

to 


4>  — *  in 

o  ot 

r-  cm  © 


c 

o 


T5 

C 

o 

u 


« 

I  w 

,  t- 
U.  *1 

ol « 


g 

w 

S 

I 


9  —i 

X> 

to 

9 

%o  P 

< 

p 

4  3 

o 

© 

to 

CD 

o 

4» 

© 

© 

u 

l*  O 

> 

G 

• 

- 

• 

• 

o 

•  4 

>  to 

to 

X 

in 

cm 

© 

V* 

<  G 

ft* 

tol 

>» 

> 

8  "t 

3  P 

a  3 
•*1  o 

X  0 


to 

P 

o 

G 

x: 

to  I 


in 

in 

cd 

© 

© 

© 

to 

4* 

to 

© 

o 

o 


> 


4 

c 

o 


® 

to 

to 

to 

o 

ft* 

u 


Q 

tail 

to 

4 

Cal 

ol 

«e* 

p 

MO 

E-* 

o 

o 

4 

> 

c 

u 

X 

p 

X 

© 

© 

© 

to 

© 

© 

© 

9 

»-< 

c 

® 

• 

• 

• 

> 

H 

• 

6 

to 

4» 

© 

to 

>» 

4 

CO 

u 

•o4 

CO 

Cl 

to 

c* 

fr* 

® 

c* 

to 

• 

> 

4 

P 

A* 

o 

9 

c 

XI 

z 

4 

< 

to 

9 

G 

a. 

4 

G 


to 

4 

P 

> 

3 

o 

C 

G 

C  > 

X 

© 

to 

© 

CM 

© 

© 

< 

© 

to 

o> 

• 

to 

to 

tol 

to 

© 

N 

© 

4 

9  ft* 

c* 

P 

to  3 

4 

O 

4  O 

> 

z 

G  X 

O 

© 

4 

XI 

tal 

> 

< 

< 

© 

la] 

J 

la) 

«o 

CO 

S 

c 

8 

4 

p 

o 

CM 

to 

4* 

z 

XX 

to 

ta 

z 

z 

z 

z 

la] 

X 

Cal 


C-58 


Total  number  of  tidal  falls  per  year  (flood  and  ebb  conditions)  is 
about  1403. 


TABLE  16 

PREDICTED  FUTURE  VELOCITIES 
(From  Hydrologic  Routing  Analysis) 

MAXIMUM  AVERAGE  VELOCITY  ( feet/sec) 


Alternative 

N3 

N4  (Selected) 
EN 


Cond i t ion  A 

3.7  (6.3  fps) 
2.4  (4.1  f  p  8  ) 

1.7  (2.9  fps) 


Condition  B 
4.3  (7.4  fps) 
2.9  (4.9  fps) 
2.1  (3.6  fps) 


MOTES:  Condition  A  -  Maximum  astronomic  tide  range 

with  breach  in  1-95  embankment,  if  it  should 
ever  occur  and  construction  of  navigation 
project . 

Condition  B  -  Same  as  Condition  A  with  addi¬ 
tional  1-foot  rise  in  sea  level. 
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say  that  the  majority  of  increase  in  velocities  would  be 
related  to  the  removal  of  the  abandoned  1-95  embankment, 
rather  than  the  dredging  of  the  Saugus  River.  The  present 
Pines  River  opening  in  the  1-95  highway  fill  acts  as  a 
constriction,  limiting  inflow  through  the  embankment  during 
ebb  tide  and  restricting  outflow  from  the  area  behind  the 
embankment  during  floodtide.  Thus,  if  the  embankment  were 
ever  opened  up  or  removed,  an  increased  volume  of  tidewater, 
estimated  at  about  10  percent  of  the  tidal  estuary  volume, 
would  be  able  to  pass  into  and  out  of  storage  in  the  upper 
Pines  marsh.  By  contrast,  deepening  of  the  navigation 
channel  in  the  Saugus  River  will  only  act  to  reduce  friction 
losses  causing  an  increase  of  less  than  2  percent  of  the 
tidal  estuary  volume,  since  the  dredging  that  takes  place  is 
below  the  spring  low  tide  level  and  does  not  increase  the 
storage  volume  within  the  estuary's  tidal  range.  Table  16 
presents  velocities  for  alternatives  N3,  N4,  and  EN  for 
future  conditions. 

With  alternative  N4  adopted,  maximum  average  velocity 
would  always  be  kept  at  or  below  3  knots,  even  under  antici¬ 
pated  future  conditions,  imposing  no  significant  navigation 
restriction.  Alternative  N4  also  provides  greater  spatial 
flushing  capability  near  the  structure  so  that  biological 
impacts  resulting  from  velocity  changes  would  be  lessened. 

If  some  degree  of  occasional  hindrance  to  navigation  or  biota 
can  be  accepted,  alternative  N3  or  a  compromise  scheme  may 
provide  a  more  cost  effective  solution.  Alternative  EN  keeps 
average  velocities  at  present  levels  but  at  a  much  larger 
expense;  alternatives  PC  and  N1  will  likely  be  unacceptable 
to  the  public  due  to  relatively  frequent  high  currents.  A 
hydrodynamic  model  will  be  necessary  in  the  Project 
Engineering  and  Design  Phase  to  demonstrate  that  the  smallest 
gate  opening  has  been  selected  consistent  with  minimal 
adverse  impacts  on  navigation.  In  addition,  the  spatial 
impact  on  currents  will  be  better  defined  allowing  for  more 
refined  estimates  of  sedimentation.  (See  Hydrology  and 
Hydraulics  Appendix,  Addendum  II). 

( 3 )  Hydrodynamic  Analysis  of  the  Tidal  Estuary 

(a)  General .  Aside  from  analyzing  the  effects 
of  velocities  at  the  floodgate,  the  most  important  part  of 
identifying  water  quality  impacts  is  the  determination  of  the 
change  in  tidal  levels,  flushing  and  salinity  characteristics 
caused  by  the  tidal  floodgate  structure.  Water  quality  data 
collected  by  NED  and  others  have  shown  that  the  estuary  can 
normally  be  considered  fairly  well  mixed  throughout  the 
entire  water  body  allowing  it  to  be  simulated,  from  a 
salinity  standpoint,  by  a  one-dimensional  model  as  described 
in  the  Hydrology  and  Hydraulics  Appendix. 
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In  addition,  aerial  photography  used  in 
obtaining  the  area-capacity  relationship  confirms  the  general 
one-dimensionality  of  the  estuary;  flow  is  confined  within 
narrow  channels  up  to  approximate  mean  high  water  level 
(4.9  feet  NGVD) ,  after  which  the  water  spreads  out  over  the 
relatively  flat  saltmarsh  area.  Plates  3a,  3b,  and  3c, 
present  approximate  water  surface  areas  for  various  tide 
levels,  obtained  from  aerial  photography. 

It  should  be  noted  in  using  plates  3a-3c  that 
water  depth  of  only  about  one  foot  among  marsh  grass  is 
difficult  to  differentiate  with  aerial  photography.  For 
example,  on  plate  3A,  interpretation  of  the  photographs  did 
not  reveal  water  in  the  high  marsh  north  of  Saugus  Raceway  to 
above  Lewis  Lane  when  the  estuary  water  level  reached 
elevation  6.9  feet  NGVD.  Field  investigations  by 
environmentalists  later  revealed  the  area  would  normally  be 
inundated  for  that  tide  level. 

(b)  Discussion  of  Results.  Even  though 
calibration  of  the  model  shows  that  it  is  generally  a  good 
hydraulic  representation  of  the  Saugus  and  Pines  Rivers,  it 
is  extremely  difficult  to  accurately  predict  minor  changes  in 
the  flushing  and  related  salinity  characteristics  in  the 
small  creeks  and  ditches  of  the  estuary.  This  is  due  to  the 
complexity  and  variability  of  various  factors  including  wind- 
speed  and  direction,  variation  in  tides,  sea  level  changes, 
storms,  etc.  Therefore,  the  intent  of  the  model  application 
was  to  compare  tidal  motion  and  flushing  characteristics  of 
various  floodgate  schemes  to  the  modelled  "existing" 
condition  alternative  (alternative  EN)  for  a  range  of  tidal 
conditions.  In  this  way,  relative  impacts  of  each  alterna¬ 
tive  could  be  determined. 

Hydrodynamic  analyses  described  in  detail  in  the 
Hydrology  and  Hydraulics  Appendix  were  completed  for  various 
alternatives  described  in  table  13  and  results  showing  tidal 
characteristics  are  displayed  in  tables  17,  18,  19,  and  20. 
Neither  tide  level  nor  timing  changes  show  major  differences 
from  existing  conditions  for  schemes  N2,  N3,  N4,  and  EN. 
However,  as  a  result  of  the  velocity  considerations  discussed 
in  the  Hydrology  and  Hydraulics  Appendix,  scheme  N4  appears 
to  be  the  most  promising  from  a  navigation  perspective 
without  making  the  floodgate  structure  cost  excessive. 

Since  tidal  motion  is  similar  to  a  moving  long 
period  wave  it  is  not  possible  to  determine  the  exact  change 
in  flushing  volume  for  various  alternatives  by  simply  exam¬ 
ining  changes  in  tidal  timing  and  levels;  therefore,  the 
following  analysis  was  completed.  Variable  flow  data,  as 
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EFFECT  ON  HIGH  TIDES 
SftUGUS  RIVER  ESTUARY 
(Change  in  high  tide  levels 
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TABLE  19 


TIMING  DELAY  IN  OCCURRENCE  OF  HIGH  TIDE 
(Change  From  Existing  Condition  in  Minutes) 


At 

At 

At 

Seaplane 

Atlantic 

Lincoln 

Alternative 

Basin 

Lobster 

Avenue 

FC 

39 

63 

55 

N1 

13 

18 

18 

N2 

9 

12 

16 

N3 

3 

5 

6 

N4  (SELECTED) 

1 

EN 

0.5 

0.5 

0 

0 

0 

NOTE:  This  is  for  Maximum  Astronomic  Tide  Range. 


TABLE  20 

TIDING  DELAY  IN  OCCURRENCE  OF  LOW  TIDE 
(Change  From  Existing  Condition  in  minutes) 


At 

At 

Alternative 

Atlantic  Lobster 

Lincoln  Avenue 

FC 

78 

61 

N1 

29 

11 

N2 

18 

10 

N3 

8 

4 

N4  (SELECTED) 

1 

1 

EN 

0 

0 

NOTE:  This 

is  -for  Maximum  Astronomic  Tide  Range. 

C-64 


computed  by  the  model  for  the  station  at  the  General  Edwards 
bridge,  was  averaged  between  time  increments,  and  accumu¬ 
lated  to  determine  total  tidal  exchange  volume.  This  volume 
determination  was  completed  for  the  existing  condition  at  the 
General  Edwards  bridge  and  gate  alternatives  N3  and  N4. 

Three  different  tide  ranges  were  evaluated:  maximum 
astronomic,  mean  spring,  and  mean.  These  tide  ranges  under 
existing  conditions  in  the  model  (alternative  EN),  produced 
9,100,  6,400,  and  5,700  acre-feet  of  tidal  interchange 
volume,  respectively.  After  simulating  installation  of  the 
tidal  floodgate  for  alternatives  N3  and  N4 ,  the  flushing 
volume  decreased  by  a.  maximum  of  2  percent  for  alternative  N3 
and  less  than  0.1  percent  for  aTternative  N4.  The  0.1 
percent  reduction  associated  with  alternative  N4  is  so  small 
that  any  associated  impacts  on  water  quality,  including 
salinity,  would  be  nearly  impossible  to  notice  and  impossible 
to  quantify.  Any  reduced  exchange  volume  associated  with 
alternatives  N3  and  N4  might  be  at  least  partially  recovered 
if  other  constrictions,  such  as  narrow  bridge  openings  on  the 
Saugus  and  Pines  Rivers  were  opened  up  and  allowed  to  flush 
more  freely  or  if  the  Saugus  River  navigation  project  was 
completed. 


An  analysis  was  completed  to  show  the  effect  if 
the  1-95  embankment  were  ever  removed.  The  increase  in 
flushing  volume  due  to  removal  of  the  abandoned  highway 
embankment  was  estimated  to  be  about  10  percent  higher  when 
compared  to  the  flushing  volume  for  the  existing  condition 
during  a  maximum  astronomic  tide  range. 

An  analysis  was  also  completed  assuming  that  the 
Saugus  River  navigation  project  was  constructed.  Through 
dredging,  the  flow  area  of  the  Saugus  River  would  increase, 
reducing  friction  and  resulting  in  an  approximate  2  percent 
increase  in  flushing  volume  over  the  existing  condition. 

Thus,  if  any  of  the  above  mentioned  actions  were  implemented 
in  the  estuary,  tidal  flushing  changes  resulting  from 
construction  of  the  tidal  floodgate  would  be  reduced. 

Comparison  of  velocities  from  the  hydrodynamic 
model  with  those  from  the  hydrologic  model  for  the  N3  and  N4 
alternatives  showed  similar  results,  with  the  hydrodynamic 
model  producing  a  maximum  velocity  of  about  4.4  fps  (2.6 
knots)  and  2.6  fps  (1.5  knots),  respectively,  during  a 
maximum  astronomic  tide  range.  The  hydrologic  method 
discussed  in  the  previous  section  produces  somewhat  higher 
velocities  since  there  is  no  consideration  for  time  of  travel 
or  dynamic  effects  in  the  storage  routing.  For  comparison 
purposes,  the  hydrodynamic  model  was  also  used  to  compute 
velocities  during  a  maximum  astronomic  tidal  fluctuation  at 
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the  Route  107  bridges  over  the  Pines  River  and  the  Lincoln 
Avenue  bridge.  The  velocities  occurring  during  peak  dis¬ 
charge  were  estimated  at  3.1  (1.8)  and  3.9  (2.3)  fps  (knots), 
respectively.  This  shows  that  currents  at  these  upstream 
bridges  will  be  less  than  those  at  the  tidal  floodgate  for 
the  N3  alternative  and  more  than  those  at  the  tidal  floodgate 
for  the  N4  alternative. 

As  measured  during  the  April  1987  current  obser¬ 
vation  program,  peak  discharge  on  an  incoming  tide  occurs 
when  the  tide  level  is  somewhere  between  plus  1  and  0  feet 
NGVD .  As  a  result,  the  flushing  gates  preliminarily  planned 
for  this  project  have  the  top  of  the  openings  set  at  about 
0  feet  NGVD  to  promote  their  efficient  use.  This  same  con¬ 
figuration  was  simulated  in  the  hydrologic  model  analysis, 
previously  discussed.  In  final  design,  modelling  may  show 
greater  efficiency  in  flow  if  the  top  of  gate  openings  were 
set  higher  than  0.0  feet  NGVD.  Inverts  (bottom  of  openings) 
were  set  as  low  as  practical.  (See  drawings  in  the  Main 
Report) . 


(4)  Discussion  of  Floodgate  Closure 

(a)  General .  The  total  effect  of  astronomic 
tide  combined  with  storm  surge  produced  by  wind,  wave,  and 
atmospheric  pressure  contributions  is  reflected  in  actual 
tide  gage  measurements.  Since  the  astronomic  tide  is  so 
variable  in  the  study  area  (mean  tide  range  of  9.5  feet),  the 
timing  of  the  storm  surge  (maximum  recorded  4.9  feet)  greatly 
affects  the  magnitude  of  the  resulting  tidal  flood  level. 
Obviously  a  storm  surge  of  3  feet  occurring  during  low 
astronomic  tide  would  not  be  as  damaging  as  if  it  occurred  at 
a  tide  approaching  a  maximum  astronomic  tide  level.  Further 
details  on  the  importance  of  coincident  astronomic  tide  with 
storm  surge  in  producing  significant  tidal  flooding  is 
provided  in  the  Hydrology  and  Hydraulics  Appendix. 

(b)  Yearly  Operations.  It  is  important  to  note 
that  both  navigation  and  flushing  gates  will  remain  fully 
open  at  all  times,  except  when  storm  tide  levels  are  pre¬ 
dicted  to  be  greater  than  those  expected  to  produce  flood 
damage.  Preliminary  field  investigations  and  topographic 
mapping  indicate  the  beginning  of  flood  damages  to  be  about  8 
feet  NGVD.  Figure  17  shows  that  this  level  is  equalled 

or  exceeded  about  once  annually  at  Boston. 

As  an  example  of  the  current  operation  at  a 
similar  existing  Corps  project,  the  New  Bedford,  Massachu¬ 
setts  hurricane  barrier,  which  has  been  in  operation  for 
19  years,  has  been  closed  a  total  of  124  times.  This  is  an 
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FIGURE  17 
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average  of  6  closings/year.  Data  on  this  barrier  is  given 
for  informational  purposes  only  since  the  Saugus  River 
project  will  have  its  own  particular  operational  character¬ 
istics.  The  New  Bedford  barrier  is  operated  for  hurricanes 
and  coastal  storms  while  a  Saugus  River  tide  gate  would  be 
operated  mainly  for  severe  northeast  storms.  Nonetheless, 
several  (2  to  3)  operations  a  year  would  be  possible  on 
average.  Actual  gate  closure  would  be  based  on  predicted 
astronomic  tides,  storm  intensity,  tidal  surge,  and  windspeed 
and  direction,  rainfall,  and  freshwater  runoff.  Closure 
would  normally  take  place  at  about  elevation  7  feet  NGVD  tide 
level . 


(c)  Duration  of  Ploodgate  Closure  and  Coinci¬ 
dent  Runoff.  During  operation  of  the  tidal  floodgate,  the 
gates  will  generally  be  closed  as  the  high  tide  approaches 
the  start  of  damages  and  will  be  opened  as  soon  as  the  ocean 
level  drops  to  the  level  of  the  estuary.  Since  the 
sinusoidal  shape  of  the  tide  hydrographs  in  the  study  area  is 
so  steep,  the  estimated  length  of  time  when  the  tide  level 
would  be  above  8  feet  NGVD  for  a  minor  storm  would  be  only 
about  an  hour.  Length  of  closure  for  most  storms  would  be 
generally  in  the  range  of  1  to  2  hours.  Even  the  most 
significant  storms  associated  with  events  having  less  than  a 
1  percent  chance  of  occurrence  would  have  closures  of  about  6 
or  7  hours.  Further  discussions  and  examples  of  operation  of 
the  floodgate  under  severe  storms  is  covered  in  the  Hydrology 
and  Hydraulics  Appendix. 

An  important  point  in  the  floodgate  closure 
evaluation  is  the  concern  over  the  impacts  of  a  potential 
change  in  salinity  on  estuarine  vegetation.  Closures  of  more 
than  a  few  hours  will  occur  only  when  there  is  a  major 
coastal  stormtide.  As  noted  in  the  Hydrology  and  Hydraulics 
Appendix,  major  coastal  storms  which  affect  the  East  Coast  of 
Massachusetts  are  generally  "Nor ’easters"  which  predominantly 
take  place  during  late  fall,  winter  and  the  early  spring 
months  when  vegetation  within  the  estuary  is  more  or  less  in 
a  dormant  state.  Vegetation  existing  under  this  condition  is 
less  likely  to  be  harmed  than  if  closure  occurred  during  the 
growing  season. 

Historically,  there  have  been  very  few  high 
runoff  events  coinciding  with  high  storm  tide  events.  It  may 
be  that  a  large  number  of  storms  that  do  occur  happen  during 
the  winter  season  when  precipitation  is  in  the  form  of  snow. 
An  analysis  was  made  of  data  from  a  nearby  DSGS  riverine  gage 
at  Middletown,  MA  on  the  Ipswich  River  and  a  comparison  made 
with  storm  tides  which  were  recorded  at  the  Boston  NOS  gage 
(see  plate  4) .  As  can  be  seen,  historically  for  this 
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representative  drainage  area,  a  runoff  having  a  10  percent 
chance  of  occurring  when  tides  are  high  produced  a  peak 
flow  of  only  550  cfs.  Assuming  the  floodgate  was  closed  for 
6  hours,  the  volume  would  amount  to  approximately  270  acre- 
feet  or  a  rise  in  interior  estuary  flood  level  of  approxi¬ 
mately  0.3  foot  with  the  interior  pool  initially  at  7  feet 
NGVD.  Further  analysis  of  runoff  data  is  presented  in  the 
Hydrology  and  Hydraulic  Appendix. 

c.  Discussion  of  Water  Quality  Changes 

(1)  General .  As  discussed  previously,  with  the 
floodgates  open,  minor  changes  in  flushing  and  tide  levels 
should  produce  negligible  changes  in  water  quality  including 
salinity  concentrations  in  the  Pines  and  Saugus  River  over 
that  which  occurs  presently.  In  addition,  tide  levels  and 
ranges  are  so  naturally  variable  that  a  set  pattern  of 
flushing  does  not  now  exist;  tides  vary  not  only  seasonally 
and  monthly  but  daily.  Under  existing  conditions,  the 
estuary  can  experience  major  flushing  action  caused  by  higher 
than  normal  spring  tide  ranges  during  part  of  a  month 
followed  by  average  or  less  than  average  flushing  due  to  mean 
tide  or  less  than  mean  tide  ranges  during  the  rest  of  the 
month.  Rising  sea  level,  removal  of  constrictions  within  the 
estuary  or  possible  dredging  projects  could  help  offset  any 
minor  loss  in  flushing  due  to  the  floodgate  project. 

A  change  in  water  quality  could  temporarily  result 
when  the  floodgate  is  closed.  However,  this  change  will  not 
be  significant  based  on  a  number  of  factors:  (1)  only  on 
rare  occasions  will  there  be  a  high  amount  of  freshwater 
runoff  coinciding  with  a  significant  storm  tide,  (2)  even  if 
there  is  a  high  runoff  rate,  the  length  of  time  when  the 
gates  would  be  closed  would  be  short,  generally  less  than 
3  to  4  hours  limiting  the  total  volume  of  runoff  during 
closure,  (3)  there  are  no  significant  point  source  wastewater 
discharges  into  the  Pines  and  Saugus  Rivers  which  would  cause 
harm  to  the  estuarine  river  system  before  the  gates  would  be 
opened  again  and  normal  tidal  flushing  resumed,  and  (4)  storm 
induced  wave  action  and  tidal  currents  would  continue  to  mix 
the  estuary  waters. 


(2)  Impacts  from  Major  PoMntion  Sources.  Water 
quality  will  more  likely  be  affect. d  by  other  changes  in  and 
near  the  estuary  rather  than  by  coni  action  of  the  floodgate 
structure.  For  instance,  removal  of  uynn's  combined  sewer 
overflow  (CSO)  or  the  capping  and  closure  of  the  Saugus 
landfill  will  have  a  much  greater  impact;  probably  more  than 
any  increase  in  nonpoint  source  pollution  which  could  result 
from  increased  runoff  associated  with  further  watershed 


urbanization.  Also,  after  the  Lynn  Water  and  Sewer 
Commission  (LWSC)  wastewater  treatment  plant  (WWTP)  changes 
from  primary  to  secondary  treatment,  there  will  be  less 
chance  of  WWTP  pollutants,  including  some  nutrients,  from 
being  accumulated  within  the  estuarine  waters.  The  impacts 
resulting  from  CSO  removal,  the  Saugus  landfill  closure 
scheme  and  improvements  to  the  Lynn  WWTP  are  presently  being 
evaluated  in  ongoing  studies  by  others. 

At  the  present  time  it  seems  likely  that  the  CSO 
at  Summer  Street  will  be  eliminated  through  the  separation  of 
sewers  from  storm  drains  in  the  next  few  years.  This  removal 
will  not  only  reduce  the  number  of  times  that  state  coliform 
criteria  are  exceeded  but  will  reduce  the  amount  of  organic 
and  toxic  buildup  in  the  sediments  near  the  overflow. 

However,  since  CSO  removal  is  yet  to  be  implemented,  water 
quality  parameters  were  evaluated  on  the  assumption  that  the 
CSO  would  remain.  Average  currents  and  tide  stages  were 
determined  from  the  hydrodynamic  model  for  the  Saugus  River 
near  the  CSO  location  and  show  imperceptable  changes  when 
comparing  existing  conditions  to  proposed  conditions; 
dilution  and  flushing  of  CSO  pollutants  during  an  open  gated 
condition  will  not  change. 

When  gate  closure  does  occur,  the  first  flush  of  the 
CSO  (the  most  concentrated  pollutants)  would  usually  have 
already  occurred  since  it  takes  a  major  storm  system  to  cause 
closure  and  rainfall  would  generally  precede  the  storm  surge. 
If  on  the  rare  occasion  the  first  flush  of  a  combined  sewer 
overflow  event  occurs  coincident  with  closure,  the  dispersion 
of  the  pollutants  will  not  act  much  differently  than  under 
existing  conditions  when  the  first  flush  occurs  coincident 
with  a  slack  high  tide  period.  Storm  induced  wave  and 
current  action  in  the  estuary  would  contribute  to  continued 
mixing  and  dispersion  of  pollutants,  as  presently  occurs. 
After  floodgates  are  opened,  normal  flushing  characteristics 
of  the  estuary  will  return,  distributing  pollutants  as  before 
within  a  few  tide  cycles. 

Proper  capping  of  the  landfill  to  eliminate  any 
leaching  of  metals  seems  probable  since  not  only  has  there 
been  a  state  ordered  study  to  identify  and  solve  existing 
problems  but  a  more  recent  study  is  evaluating  the  use  of  the 
landfill  for  an  MBTA  parking  facility.  Water  quality  para¬ 
meters  for  future  conditions  were  evaluated  on  the  assumption 
that  improved  capping  procedures  have  yet  to  take  place.  The 
Corps  will  continue  to  closely  monitor  these  efforts  and  pro¬ 
vide  coordination  as  applicable. 


It  is  anticipated  that  thermal  releases  from  General 
Electric,  RESCO  and  Eastern  Tool  Company  will  continue  to  be 
made.  Even  though  tidal  flushing  of  the  estuary  with  the 
gate  open  will  be  slightly  changed,  the  locations  of  thermal 
discharges  are  close  to  the  voluminous  portions  of  the 
estuary  and  the  floodgate  structures,  so  changes  to  the 
dilution  characteristics  of  the  thermal  releases  are  expected 
to  be  minimal. 

Individual  water  quality  parameters  are  described  in 
the  following  sections.  It  should  be  noted  that  for  all  the 
water  quality  parameters  discussed,  it  is  assumed  that  no 
significant  development  would  take  place  in  the  existing 
wetland  area  (see  Environmental  Impact  Report) .  This  is  the 
area  which  is  presently  flooded  during  maximum  spring  high 
tides.  Deviation  from  this  assumption  would  require  a 
complete  reanalysis  of  not  only  the  hydraulic  conditions 
governing  this  project,  but  the  related  water  quality 
parameters . 

(3)  Salinity 

(a)  General .  None  of  the  alternatives  with  the 
exception  of  the  Regional  Floodgate  Plan  will  produce  any 
changes  in  the  salinity  levels  within  the  estuary.  The 
freshwater  flow  component  of  the  47-square  mile  Saugus  River 
Basin,  in  general,  is  minor  compared  to  the  total  flow  which 
passes  by  the  General  Edwards  bridge  at  the  mouth  of  the 
Saugus  River.  Average  annual  flow  for  the  basin  is  estimated 
at  80  cfs  and  runoff  events  having  a  50  and  10  percent  chance 
of  occurrence  during  any  particular  year  have  peak  daily  flow 
rates  estimated  at  850  and  1,900  cfs,  respectively.  In 
comparison,  average  flood  and  ebb  flow  rates  for  a  mean  tidal 
range  fluctuation  are  estimated  at  9,400  cfs  which  is  about 
five  times  the  1,900  cfs  flow  rate.  Table  21  summarizes  the 
saltwater-freshwater  flow  rate  at  the  General  Edwards  bridge. 
For  the  Regional  Floodgate  Plan,  the  open  and  closed  gate 
condition  must  be  evaluated  separately  since  the  factors 
relating  to  salinity  are  so  different. 

(b)  Impacts  with  an  Open  Floodgate.  As  de¬ 
scribed  previously,  the  majority  of  the  estuary  can  be  con¬ 
sidered  well  mixed  with  insignificant  variation  in  vertical 
salinity  in  the  area  downstream  from  the  Route  107  bridges 
over  the  Saugus  and  Pines  Rivers.  The  major  reason  for  this 
condition  is  that  average  annual  freshwater  runoff  for  the 
Saugus  River  (including  the  Pines  River)  is  not  significant, 
the  average  flow  of  80  cfs  amounting  to  approximately  160 
acre-feet  of  volume  over  the  course  of  one  24-hour  day.  This 
volume  of  freshwater  is  dwarfed  when  compared  to  a  single 
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TABLE  21 


SALTWATER-FRESHWATER  FLOW  RATIO 
(ESTIMATED  FOR  SAUGUS  RIVER 
AT  GENERAL  EDWARDS  BRIDGE) 


Freshwater 
Peak  Flow 
Rate 

Percent  Chance 
of  Occurrence 

Average  Tidal 
Flow  Rate  for 
Mean  Tide  Ranae 

Saltwater 
Freshwater 
Flow  Ratio 

(cfs) 

(cfs) 

850 

50 

(2-year) 

9,400 

11.1 

1,900 

10 

( 10-year) 

9,400 

4.9 

3,300 

2 

(50-year) 

9,400 

2.8 

4,000 

1 

(100-year) 

9,400 

2.4 

NOTES:  1.  Average  daily  -freshwater  flow  rate  is  eaual 

to  80  cfs. 

2.  Peak  freshwater  flow  rate  does  not  necessarily 
have  a  duration  as  long  as  a  6-hour  tide  cycle. 
It  is  shown  only  for  comparison  purposes. 

3.  Average  tidal  flow  rate  was  determined  by 
dividing  the  volume  of  water  entering  the 
estuary  during  a  mean  tide  cycle  by  6  hours. 


12-hour  mean  tide  cycle  fluctuation  during  which  approxi¬ 
mately  4,900  acre-feet  of  saline  water  are  interchanged.  A 
0.1  percent  change  in  flushing  volume  due  to  the  floodgate 
will  produce  immeasurable  salinity  differences  in  this  area. 

Upstream  from  Route  107  on  the  Pines  River  near 
the  Town  Line  Brook  tide  gate,  there  was  only  minor  variation 
in  salinity  noted  from  the  top  to  bottom  of  the  water  column 
during  a  nearly  average  runoff  condition  on  16  August  1986 
(50  cfs).  Salinity  remained  high  even  at  low  tide  throughout 
the  Pines  River's  entire  length  indicating  for  these  condi¬ 
tions  that  the  freshwater  constituent  is  minor. 

The  upper  Pines  River  is  impacted  by  the  flow 
constriction  in  the  abandoned  1-95  embankment  which  does  not 
allow  the  ponded  area  upstream  from  the  embankment  to  drain 
freely.  This  was  first  noted  during  tide  measurements  made 
upstream  and  downstream  of  the  embankment  on  18  May  1987.  A 
value  of  -3.0  feet  NGVD  was  measured  at  the  Town  Line  Brook 
tide  gate  and  -5.0  feet  NGVD  was  measured  at  the  Pox  Hill 
drawbridge  at  dead  low  tide.  Visual  inspection  of  the  1-95 
constriction  shortly  thereafter  during  another  low  tide  con¬ 
dition  revealed  that  the  constriction  acts  as  a  dam  at  ex¬ 
treme  low  tide  (tides  below  elevation  -3.0  feet  NGVD),  not 
allowing  the  upstream  area  to  drain  completely.  It  should 
also  be  noted  that  the  volume  associated  with  a  12-hour  mean 
tidal  fluctuation  upstream  from  the  1-95  embankment  is  ap¬ 
proximately  750  acre-feet  while  that  associated  with  the 
freshwater  component  of  an  average  annual  flow  is  about  25 
acre-feet.  Since  the  freshwater  component  is  so  small  in 
comparison  to  saltwater  volume,  and  since  peak  high  and  low 
tide  level  changes  due  to  the  floodgate  are  insignificant,  a 
change  in  flushing  volume  estimated  at  less  than  0.1  percent 
would  produce  immeasurable  salinity  differences. 

On  the  Saugus  River,  between  the  Route  107 
bridge  and  the  Lincoln  Avenue  bridge,  only  minor  top  to  bot¬ 
tom  variations  in  salinity  have  been  measured.  The  saltwater 
volume  interchange  in  this  area  has  been  estimated  at  approx¬ 
imately  750  acre-feet  for  a  12-hour  mean  tidal  fluctuation, 
while  the  freshwater  component  for  a  12-hour  average  annual 
runoff  condition  has  been  estimated  at  approximately  75  acre- 
feet.  Even  though  the  freshwater  component  is  a  slightly 
greater  percentage  of  the  total  flow,  this  area  is  much  more 
turbulent  due  to  narrow  bridges  and  bends  than  that  in  the 
upper  Pines  River.  Therefore,  a  flushing  volume  change  of 
less  than  0.1  percent  will  create  a  change  of  less  than  0.01 
ppt  in  salinity  concentrations  in  this  well  mixed  area. 
Salinities  are  estimated  to  range  from  25  to  27  ppt  during 
high  tide  at  the  Pox  Hill  bridge.  Therefore,  this  change  is 
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meaningless  compared  to  the  variability  which  exists  in 
flushing  volumes,  tide  levels,  freshwater  runoff  volumes,  and 
ocean  salinity  concentrations. 

The  portion  of  the  estuary  which  could  be  most  ' 

influenced  by  the  floodgate  is  the  Saugus  River  above  Lincoln 
Avenue  and  Shute  Brook.  The  freshwater  component  makes  up  a 
larger  portion  of  the  total  volume,  and  there  is  less  turbu¬ 
lence  in  these  areas.  The  saltwater  flushing  volume  for  a 
12-hour  mean  tide  fluctuation  is  about  190  acre-feet. 

Assuming  a  freshwater  discharge  of  80  cfs  (equivalent  to  the 
average  annual  flow),  the  total  freshwater  volume  would  be  75 
acre-feet  or  about  one-third  the  saltwater  volume.  In 
general,  a  0.1  percent  reduction  in  flushing  volume  would  not 
be  considered  significant,  since  as  shown  in  the  hydrodynamic 
modelling,  changes  in  high  and  low  tide  elevations  are 
negligible.  However,  since  the  freshwater  portion  is  such  a 
major  component  of  the  flow,  further  analysis  was  completed. 

Assuming  that  a  maximum  reduction  of  0.1  percent 
of  190  acre-feet  (about  0.2  acre-feet)  of  tidal  flushing 
volume  occurs  when  the  floodgate  is  put  in  place  and  that 
there  is  no  mixing  of  freshwater  with  saline  water,  the 
saline  water  will  remain  near  the  bottom  as  it  travels 
upstream  during  high  tide.  The  reduction  in  salinity  layer 
thickness  or  depth  will  be  less  than  0.01  foot.  The  wetland 
area  that  would  have  been  in  direct  contact  with  a  0.01  foot 
thick  horizontal  "slice"  of  saline  water  before  floodgate 
construction  would  be  approximately  0.1  acre. 

The  above  discussion  provides  a  conservative 
estimate  since  the  physical  movement  of  a  salt  wedge  does  not 
behave  in  this  simplistic  manner.  First,  as  shown  by  the 

hydrodynamic  model,  peak  tide  levels  with  the  floodgate  do  1 

not  change  from  existing  conditions;  therefore,  saline  waters  4 

will  reach  the  same  levels  as  before,  only  not  for  as  long  a 

period.  Secondly,  the  horizontal  slice  representation  does  | 

not  occur  in  nature  since  frictional  forces  tend  to  keep 

saltwater  confined  more  toward  the  center  of  the  channel  with  | 


a  mixture  of  freshwater  and  saltwater  flowing  along  the  edge  1 
of  the  channel.  This  condition  was  documented  during  field  4 
measurements  that  were  made  in  this  area  on  1  and  2  December 

1986.  Also  during  the  same  measurements,  it  was  noted  that  ' 
all  saltwater  species  on  the  upper  Saugus  River  and  Shute  i 
Brook  were  inundated  by  at  least  several  tenths  of  a  foot  of  i 
water  when  the  high  tide  levels  reached  6.5  and  6.8  feet  . 


NGVD.  This  inundation  will  continue  with  the  proposed  flood¬ 
gate  in  place.  Impacts  related  to  a  hypothetical  0.01  foot 
thick  salinity  layer  reduction  would  not  only  be  decreased  by 
the  above  mentioned  factors  but  also  by  the  variability  of 
flushing  volumes,  tide  levels,  freshwater  volumes,  and  ocean 
salinity  concentrations. 
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Other  factors  may  compensate  for  any  lost  tidal 
flushing  volumes  on  both  the  Saugus  and  Pines  Rivers.  Sea 
level  rise  if  it  proceeds  at  the  historic  rate  of  record 
would  offset  this  loss  of  salinity  within  a  few  years.  Navi¬ 
gation  dredging  of  the  Saugus  River  would  immediately  offset 
the  flushing  volume  lost  on  the  Saugus  River.  The  possible, 
but  unlikely,  1-95  embankment  breaching  could  make  signifi¬ 
cant  changes  in  flushing  volumes  on  the  Pines  River.  As 
well,  the  enlarging  of  narrow  bridge  openings  could  increase 
tidal  flushing. 

(c)  Impacts  with  Floodgate  Closed.  As  dis¬ 
cussed  in  the  floodgate  operational  procedures  described  in 
the  Hydraulics  and  Hydrology  Appendix,  floodgate  closures  are 
expected  to  be  infrequent,  taking  place  on  an  average  of  2  to 
3  times  a  year  with  an  average  closure  time  between  1  to  2 
hours.  Even  with  a  major  tidal  event  the  maximum  length  of 
time  the  gates  will  be  closed  would  be  about  6  or  7  hours. 

As  shown  in  plate  4,  historically,  the  chance  of 
having  heavy  runoff  (greater  than  an  average  daily  flow  of 
500  cfs),  occurring  at  the  time  of  a  major  tidal  flood  event 
has  been  rare.  It  is  likely  that  the  coincident  type  of 
events  displayed  in  this  graph  will  continue. 

In  addition,  it  should  be  noted  that  most  clo¬ 
sures  will  occur  during  the  nongrowing  season,  November 
through  March,  since  that  is  when  significant  northeast 
storms  generally  occur.  These  storms  are  of  the  extratropi- 
cal  variety,  generating  off  the  coast  of  Georgia  or  the 
Carolinas  and  traveling  northward  along  the  coast.  Tempera¬ 
tures  at  this  time  are  cold  and  precipitation  has  a  good 
chance  of  being  snow.  Significant  storm  surges  occurring 
along  the  east  coast  of  New  England  during  the  summer  and 
early  fall  are  generally  the  result  of  tropical  storms 
( i . e ., hurricanes) .  The  occurrence  of  these  storms  in 
association  with  resultant  storm  surges  that  effect  the  east 
coast  of  Massachusetts  at  the  project  area  are  very  rare. 

Other  factors  should  be  considered  when  reviewing 
changes  to  salinity  with  the  floodgate  closed.  For 
instance,  if  a  significant  storm  did  occur  and  the  gates  are 
closed  longer  than  the  normal  closure  period  of  1  to  2  hours, 
high  wind  and  wave  conditions  will  be  such  that  the  water 
body  will  be  well  mixed  with  little  or  no  salinity 
stratification  taking  place.  Also,  if  the  event  is  minor, 
closure  will  be  for  only  1  to  2  hours  and  salinity  conditions 
during  closure  should  not  be  much  different  from  what 
presently  occurs  with  high  runoff  coincident  with  slackwater 
around  high  tide. 
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Closure  will  take  place  when  it  is  expected  the 
tides  will  reach  or  exceed  about  8  feet  NGVD .  If  there  is 
very  little  runoff  expected  and  no  problem  with  freezing 
temperatures,  severe  winds  or  snowbanks  (drainage),  closure 
will  take  place  about  7.0  feet  NGVD.  Maximum  astronomic  high 
tide  events  up  to  about  7.5  feet  NGVD  without  a  coastal  storm 
will  continue  to  occur.  All  tides  over  8  feet  will  be 
eliminated.  Because  the  occurrence  of  tide  events  above 
7.5  feet  NGVD  are  relatively  infrequent,  on  an  average  of  3 
times  per  year,  the  change  of  salinity  in  the  upper  areas  of 
the  estuary  will  be  negligible. 

(4)  Coliform  Bacteria.  The  construction  of  a  tidal 
floodgate  will  have  an  imperceptible  impact  on  existing 
coliform  bacteria  levels  when  the  gates  are  open  and  only  a 
slight  effect  on  the  dispersion  of  the  bacteria  when  the 
gates  are  closed.  For  the  open  condition,  there  will  be  no 
change  in  the  numbers  of  bacteria  released  to  the  estuary  and 
minimal  if  any  change  in  the  major  criteria  which  affect 
bacterial  growth  (i.e.,  organic  loading,  temperature,  salin¬ 
ity  and  dispersion  characteristics).  As  discussed  pre¬ 
viously,  during  dry  weather,  high  bacterial  levels  in  the 
upper  parts  of  the  estuary,  generally  above  the  Route  107 
bridges,  are  diluted  by  movement  of  the  tidal  prism  such  that 
during  high  tide,  Massachusetts  coliform  criteria  are  not  ex¬ 
ceeded  in  the  lower  basin  below  the  Route  107  bridges.  Wet 
weather  conditions  increase  the  problem  when  flows  emanating 
from  Lynn's  combined  sewer  overflow  (CSO)  and  street  drainage 
from  the  lower  basin  combine  with  failing  septic  systems  from 
the  upper  basin  to  cause  water  quality  exceedances  throughout 
the  estuary. 

Bacterial  loading  from  the  CSO  and  street  drainage 
is  extremely  variable  depending  on  the  amount  of  antecedent 
rainfall,  intensity  and  duration  of  the  storm,  seasonal 
variations,  etc.  This  variability  which  can  cause  a  magni¬ 
tude  of  difference  in  bacterial  loading  makes  an  analysis  of 
a  0.1  percent  change  in  flushing  volume  essentially  meaning¬ 
less.  With  the  gates  open,  tide  levels  do  not  change,  and 
current  changes  throughout  the  estuary  (with  the  exception  of 
the  area  adjacent  to  the  barrier)  are  imperceptible.  There¬ 
fore,  bacterial  dispersion  will  not  behave  any  differently 
than  it  does  now.  Bacteria  reduction  through  die-off  will 
also  continue  as  it  does  now  since  growth  factors  will  not 
have  changed. 

When  the  floodgate  is  closed,  there  will  be  a  signi¬ 
ficant  change  in  the  currents,  interior  water  levels,  and 
possibly  some  minor  changes  in  salinity,  temperature,  and 
organic  loading  depending  on  the  amount  of  freshwater  runoff 
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which  occurs  during  the  gate  closure  period.  Analysis  of 
historic  runoff  patterns  have  indicated  that  major  runoff 
coincident  with  high  storm  tides  is  an  infrequent  event. 
Bacteri'l  as  well  as  organic  loadings  that  once  were 
dispersed  by  movement  of  the  tidal  prism  (essentially  the 
elongation  of  the  freshwater  plume  in  the  direction  of  the 
riverine  current)  will  now  be  dispersed  into  a  slackwater 
condition.  Because  of  the  lack  of  currents,  solids  entering 
from  a  riverbank  outfall  will  not  spread  out  as  far, 
concentrating  both  the  bacteria  and  organics  towards  the 
center  of  the  channel  rather  than  along  the  edge.  Bacteria 
entering  from  the  upper  riverine  and  brook  portions  of  the 
basin  will  show  a  reduction  in  the  length  of  dispersion 
temporarily  since  there  will  be  no  seaward  currents.  The 
concentration  of  bacteria  and  organics  in  a  smaller  plume 
size  may  increase  bacterial  growth.  However,  it  is  felt  that 
this  increase  will  be  minor  since  existing  average  currents 
throughout  the  estuary  are  generally  very  small  at  peak  tide 
conditions  (less  than  1  fps) .  Also,  the  closure  will  be  very 
short  (generally  less  than  3  to  4  hours)  and  infrequent  with 
flushing  action  returning  to  normal  soon  after.  With  signi¬ 
ficant  freshwater  runoff,  there  may  also  be  some  changes  in 
salinity  and  temperature  during  times  of  closure.  But  again, 
changes  in  bacterial  growth  should  not  be  significant  since 
gate  closure  will  be  limited  to  only  a  few  hours. 

Regardless  of  whether  or  not  the  floodgate  is  built, 
bacterial  loading  from  man's  activities  will  continue  to 
limit  harvesting  of  the  potentially  valuable  shellfish 
resource  within  the  estuary.  Changes  in  bacterial  dispersion 
and  growth  resulting  from  operation  of  the  floodgate  will  be 
minor.  If  completion  of  Lynn's  CSO  study  results  in  the 
removal  of  Summer  Street  overflow,  the  implementation  of 
improved  basin  management  practices  which  eliminate  other 
nonpoint  sources  of  contamination,  may  result  in  the  restora¬ 
tion  of  a  useable  shellfish  resource. 

(5)  Dissolved  Oxygen  and  BOD.  Continuation  of  high 
organic  and  nutrient  waste  loading  aloi.g  the  crowded  coastal 
communities  from  Massachusetts  to  the  Carolinas  has  been 
cited  by  numerous  State  and  Federal  agencies  for  causing  the 
most  prevalent  water  quality  problem  to  affect  the  East 
Coast — dissolved  oxygen  depletion.  Nutrients  and  organics 
from  LWSC  primary  wastewater  treatment  plant,  Lynn's  Summer 
Street  combined  sewer  overflow,  and  other  nutrients  from  non¬ 
point  sources  within  the  basin  have  created  conditions  where, 
at  certain  times  of  the  year  as  a  result  of  decomposing 
wastes  and  prolific  algae  growth,  dissolved  oxygen  levels 
have  not  met  State  standards  for  class  SB  waters.  The  slight 
reduction  in  flushing  within  the  basin  due  to  the  project 
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will  reduce  the  amount  of  tidewater  to  come  in  contact  with 
wastes  that  are  discharged  into  the  estuary  and  as  such 
could  theoretically  reduce  the  DO  slightly  during  times  of 
CSO  release,  however,  any  change,  as  shown  in  the  analysis 
later  in  this  section,  will  be  immeasurable.  During  warm 
summer  weather  when  there  is  rapid  algae  growth  and 
subsequent  decomposing  algae  conditions,  a  slight  increase  in 
DO  depletion  will  occur  if  there  are  few  storms  to  churn  up 
and  aerate  bottom  waters.  This  condition  is  not  expected  to 
change  due  to  the  project. 

Because  of  the  variability  which  exists  with  regard 
to  tidal  stage,  tidal  currents  and  their  directions,  inten¬ 
sity  and  length  of  rainfall,  and  seasonal  conditions,  it  is 
difficult  to  determine  the  exact  impact  of  any  combined  sewer 
overflow  on  water  quality  within  the  estuary.  The  consult¬ 
ants  for  the  Lynn  Water  and  Sewer  Commission  have  been 
involved  in  using  a  two-dimensional  mathematical  model  to 
define  impacts  of  the  CSO's  on  the  Saugus  River  and  Lynn 
Harbor.  However,  recently  they  have  placed  less  emphasis  on 
analyzing  the  CSO's  impact  on  the  Saugus  River  since  their 
recommended  plan  calls  for  the  separation  of  the  sewers  from 
the  storm  drains  eliminating  almost  the  entire  pollutant 
loading  from  the  Saugus  River. 

Until  results  of  that  study  are  finalized,  some  type 
of  analysis  was  necessary  to  estimate  the  differences  asso¬ 
ciated  with  the  BOD  loading  under  existing  conditions  versus 
those  with  construction  of  a  tidal  floodgate.  A  riverine- 
type  analysis  solving  for  dissolved  oxygen  depletion  using 
the  Streeter-Phelps  equation  was  not  applicable  for  this  area 
because  of  multidirectional  aspects  of  the  tidal  movement 
within  the  Saugus  River.  Instead,  the  movement  of  the  tidal 
flow  was  used  to  drive  and  distribute  the  organic  load  within 
the  estuary.  For  purposes  of  analysis,  peak  tidal  floodflow 
and  ebb  flow  as  determined  at  the  Summer  Street  CSO  site  from 
the  hydrodynamic  model  for  a  mean  tide  range  condition,  are 
estimated  at  1,700  and  1,550  cfs,  respectively,  while  average 
annual  freshwater  flow  is  estimated  at  80  cfs. 

A  simplistic  approach  was  used  to  estimate  impacts  of 
heavy  organic  loading  from  the  CSO  on  the  Saugus  River.  An 
average  overflow  event  was  determined  assuming:  a  BOD  loading 
of  2,400  lb/event  (95,000  lb-BOD/year  evenly  distributed  over 
40  events/year);  tidal  flow  conditions  which  distribute 
loadings  completely  in  the  ebb  direction  or  completely  in  the 
flood  direction;  and  organic  material  would  be  mixed  with  the 
flow  stream,  deplete  DO  as  the  slug  moves  upstream,  and  not 
settle  out  until  the  BOD  is  depleted.  It  was  also  conserva¬ 
tively  assumed  that  there  would  be  no  reaeration  to  replenish 
the  DO. 
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Under  the  existing  conditions,  the  length  of  reach 
before  BOD  would  be  used  up  was  determined  to  be  about  7,600 
linear  feet  {LF)  in  the  flood  direction  and  about  2,100  LF  in 
the  ebb  direction.  The  difference  in  length  is  attributable 
to  the  volume  of  water  which  exists  upstream  and  downstream 
of  the  site.  A  decrease  in  flushing  volume  from  installation 
of  the  floodgate,  estimated  conservatively  at  0.1  percent, 
would  increase  the  length  of  DO  depletion  by  less  than  25  LF 
in  the  flood  direction  and  less  than  10  feet  in  the  ebb 
direction.  This  change  is  not  considered  significant  when 
looking  at  the  total  length  affected  by  low  DO  or  even 
noticeable  when  looking  at  the  variability  of  dispersion 
characteristics,  tidal  range  fluctuations,  and  the  quantity 
of  organic  loadings. 

All  other  sources  of  organic  loadings  are  not  point 
sources  (e.g.,  flow  from  upstream  basin,  street  drains,  over¬ 
land  flow,  etc.)  and  as  such  it  would  be  difficult  to  deter¬ 
mine  differences  related  to  the  floodgate.  However,  since 
the  amount  of  dissolved  oxygen  available  is  directly  related 
to,  among  other  factors,  the  volume  of  water  (i.e.,  DO  con¬ 
tent)  which  comes  in  contact  with  organic  material,  it  can  be 
conservatively  stated  that  a  0.1  percent  change  in  flushing 
volume  with  gate  scheme  N4  will  result  in  a  0.1  percent 
change  in  dissolved  oxygen  levels.  Again  this  can  be 
considered  insignificant  when  compared  to  the  amount  of 
reaeration  which  will  take  place,  the  quantity  of  waste 
loads,  temperature,  tide  levels,  etc. 

Flushing  changes  from  sea  level  rise,  enlarging 
narrow  bridge  openings  or  implementation  of  the  Saugus  River 
navigation  project,  would  negate  any  flushing  loss  associated 
with  the  floodgate  project.  DO  levels  would  at  least  revert 
back  to  existing  conditions  and  may  actually  increase. 

Cleanup  of  the  Saugus  River  through  removal  or  treat¬ 
ment  of  combined  sewer  overflows  and  through  implementation 
of  land  use  controls  to  control  nonpoint  sources  (i.e.,  more 
frequent  street  sweeping,  controlled  use  of  lawn  fertilizers, 
etc.)  would  more  than  offset  any  impact  the  floodgate  would 
have  on  dissolved  oxygen  levels.  It  should  also  be  noted 
that  in  1988,  construction  is  beginning  for  the  conversion  of 
the  LWSC  wastewater  treatment  plant  located  in  southeast  Lynn 
from  primary  to  secondary  treatment.  This  project  will 
remove  significantly  more  organic  material  from  the  receiving 
waters,  improving  the  quality  of  the  flushing  water  at  the 
mouth  of  the  Saugus  River. 

During  infrequent  events  when  gates  are  closed  and 
there  is  a  heavy  runoff  condition,  organic  sediments  may 
not  spread  out  as  far.  However,  after  the  gates  are  opened. 
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the  material  will  in  general  move  to  where  it  would  have  gone 
under  natural  flushing  conditions.  DO  depletion  will  not  be 
a  problem  with  the  gates  closed  since  closure  is  for  only  a 
few  hours. 

(6)  Nutrients .  In  general,  with  a  change  in  tidal 
flushing  volumes,  nutrients  from  point  and  nonpoint  sources 
will  become  more  concentrated  in  the  estuary  water  columns 
and;  therefore,  could  make  the  estuary  more  susceptible  to 
algae  bloom  conditions.  However,  a  minor  flushing  change  of 
0.1  percent  with  gate  scheme  N4  will  change  the  nutrient 
concentration  in  most  of  the  basin  by  the  same  magnitude  thus 
having  an  insignificant  impact.  The  upper  ends  of  both  the 
Saugus  and  Pines  Rivers  estuaries  would  receive  approximately 
the  same  reduction  in  flushing  volume.  However,  because  of 
hydraulic  restrictions  and  reduced  total  volume  available, 
there  is  less  kinetic  mixing  action  and  these  areas  would  be 
more  susceptible  to  minor  increased  algae  bloom  conditions. 
Sea  level  rises,  the  opening  of  narrow  bridge  openings,  and 
the  implementation  of  the  Saugus  River  navigation  project 
would  decrease  nutrient  concentrations  through  increased 
flushing,  thereby  reducing  concerns  over  algae  growth.  Gate 
closure  will  result  in  reduced  dispersion  of  nutrients; 
however  the  condition  will  last  for  only  a  short  time  before 
flushing  action  once  more  resumes. 

Analysis  of  nutrient  levels  (nitrate-nitrogen  and 
total  phosphorous)  indicates  that  algae  growth  would  be 
nitrogen  limited  based  on  the  stochiometric  requirements  of 
algae's  N:P  ratio.  It  was  also  noted  that  with  the  present 
total  phosphorous  concentration  in  the  estuary  measured 
during  a  dry  weather  period  (average  concentration  equals 
0.07  mg/L),  there  are  in  general  insufficient  amounts  of 
phosphorous  available  to  produce  algae  bloom  conditions  in 
the  fully  flushing  Saugus  River  estuary  (0.10  mg/L  P  is 
required  for  an  algae  bloom  condition  in  a  rapidly  moving 
water  body) . 

Average  ammonia  levels  of  0.18  mg/1,  although  not 
very  high,  indicate  that  there  is  some  decomposition  of 
deposited  organic  matter  taking  place.  This  can  be  related 
to  bacterial  action  on  settled  material  that  is  supplied  not 
only  from  CSO  loading  but  from  nonpoint  sources  such  as 
street  drains,  and  possibly  even  the  Saugus  landfill,  where 
leachates  may  be  entering  the  estuary  from  previously 
deposited  organic  wastes.  It  has  been  noted  by  State 
officials  that  leachate  releases  are  still  visible  when  high 
tides  retreat  from  the  inlets  surrounding  the  landfill.  It 
is  expected  that  any  deficiencies  in  the  capping  procedure 
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will  be  identified  by  RESCO's  consultant  and  corrected  so 
that  future  nutrient  releases  from  the  landfill  will  be 
minor . 


Release  of  ammonia  from  various  sources  may  explain 
some  of  the  reasons  for  the  low  dissolved  oxygen  levels  which 
have  been  measured  in  the  sluggish  upper  reaches  of  the 
Saugus  and  Pines  Rivers.  As  decay  of  nitrogenous  organic 
wastes  take  place,  bacteria  first  produces  ammonia,  which 
then  through  oxidation  reaction  is  changed  to  nitrates 
depleting  DO  in  the  process. 

Wet  weather  flow  conditions  were  analyzed  by  LWSC 
consultants  to  ascertain  the  impacts  of  high  nutrient 
loadings  from  the  Summer  Street  CSO.  Prom  this  analysis 
it  appears  that  nutrient  and  organic  loadings  provide  only 
temporary  problems;  whereas,  toxic  releases  at  the  time  of 
overflow  and  from  sediments  built  up  from  CSO  releases  may 
provide  long  term  problems.  Separation  of  the  sewers  from 
the  storm  drains  as  is  planned  will  reduce  the  nutrient 
problem. 


(7)  Suspended  Solids  and  Sediment  Movement.  The 
Regional  Floodgate  Plan  will  result  in  little  or  no  change  in 
the  sediment  and  suspended  solids  movement  within  the 
estuary;  the  one  exception  being  the  area  within  a  few 
hundred  feet  of  the  gate  structure. 

As  discussed  previously,  presently,  there  is 
insufficient  energy  to  transport  significant  solids  loads 
from  freshwater  portions  of  the  basin  during  dry  weather 
conditions.  Most  solids  movement  takes  place  during  the 
infrequent  major  storm  events.  Typical  grain  sizes  of 
sediment  within  the  estuary  confirm  this  fact  since  most 
particles  are  small  as  is  shown  in  the  sediment  boring  data 
for  the  Saugus  and  Pines  Rivers  navigation  studies  (see 
Hydrology  and  Hydraulics  Appendix) .  The  grain  sizes  range 
from  fine  organic  silt  to  coarse  sand  with  the  finer 
particles  located  generally  in  the  upper  estuary  and  the 
coarser  particles  located  closer  to  the  General  Edwards 
bridge.  From  reviewing  the  boring  data,  the  highest  tractive 
or  sediment  moving  force  is  located  near  the  center  of  the 
channel  and  near  the  confluence  of  the  Saugus  and  Pines 
Rivers . 


Discharge  from-  Lynn's  Summer  Street  CSO  appears  to  be 
causing  a  buildup  of  fine  silt  and  organic  sediments,  rich  in 
chromium,  lead  and  zinc,  in  the  area  immediately  upstream  and 
downstream  from  its  discharge  point,  generally  in  the  area 
between  Route  107  and  the  Lincoln  Avenue  bridge  on  the  Saugus 


River  (see  sediment  sampling  descriptions  for  A  to  D  and  J 
to  M  in  the  Hydrology  and  the  Hydraulics  Appendix) .  Pine 
materials  which  pass  the  200  millimeter  screen  have 
concentrations  generally  greater  than  50  percent  of  the  total 
sediment  in  this  area.  Lynn  Water  &  Sewer  Commission's  CSO 
consultants  have  recommended  that  the  combined  sewer  be 
separated  in  this  area  thus  eliminating  this  problem  in  the 
future  and  improving  the  overall  water  quality  within  the 
estuary. 


Changes  in  velocities  occurring  at  the  mouth  due  to 
floodgate  construction  will  be  dampened  out  through  friction 
and  restrictions  as  one  proceeds  upstream  into  the  upper 
estuary  (above  Route  107).  Therefore#  with  a  slight  reduc¬ 
tion  in  flushing  volume  (0.1  percent  with  gate  scheme  N4) 
associated  with  the  open  gated  condition  under  a  floodgate 
plan#  solids  and  suspended  solids  movement  in  the  upper 
estuary  will  tend  to  decrease  only  slightly  since  a  0.1 
percent  change  in  a  small  ebb  flow  velocity  (less  than  1  fps 
generally)  will  be  imperceptible.  The  change  in  sedimenta¬ 
tion  is  expected  to  be  immeasurable.  In  comparison#  the 
navigation  project  planned  for  the  Saugus  River  will  somewhat 
reduce  main  channel  velocities  in  the  area  upstream  from 
Route  107  where  dredging  is  proposed  due  to  the  increase  of 
the  flow  area.  increased  sedimentation  in  the  dredged 
channel  upstream  of  Route  107  resulting  from  the  navigation 
project  is  expected  to  oe  more  significant  than  that 
occurring  from  the  installation  and  operation  of  the  tidal 
floodgate . 

Sediment  flushing  upstream  from  the  1-95  embankment 
will  remain  essentially  as  it  is  now  if  the  embankment  is  not 
opened  up.  Sea  level  rise  will  cause  some  increase  in 
sediment  movement  through  increased  flushing. 

Overall  average  velocities  in  the  area  between  the 
General  Edwards  Bridge  and  Route  107  will  remain  the  same; 
therefore,  there  is  no  concern  over  causing  any  more  erosion 
than  under  existing  conditions  of  the  portions  of  the 
riverbank  enclosing  the  Saugus  landfill.  Changes  in  flushing 
caused  by  sea  level  rise  and  implementation  of  the  Saugus 
River  Navigation  Project  may  somewhat  increase  velocities 
along  the  landfill. 

In  the  area  near  the  floodgate  structure,  solids  and 
sediment  movement  are  more  complex.  Riprap  placed  along  the 
bottom  and  sides  will  be  used  to  prevent  scour  in  the  area 
adjacent  to  the  floodgate  structure  and  should  reduce 
excessive  soils  movement  resulting  from  the  restriction. 
Localized  velocities  will  be  dissipated  within  a  few  hundred 
feet  of  the  floodgate  structure  so  that  sediment  scour 
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outside  the  riprapped  area  should  be  minor.  Sediment 
accretion  will  change;  however,  within  a  few  hundred  feet  of 
the  floodgate  with  increased  settling  taking  place  along  the 
riverbanks  where  velocities  will  be  reduced  due  to  the  back¬ 
water  caused  by  restriction  of  the  channel.  More  detail  on 
areas  of  increased  shoaling  and  erosion  is  given  in  the 
Hydrology  and  Hydraulics  Appendix.  If  the  project  continues 
into  the  Project  Engineering  and  Design  Phase,  a  model  will 
be  necessary  to  analyze  the  localized  velocities  near  the 
floodgate  and  to  identify  problem  shoaling  areas. 

Sediment  buildup  on  the  ocean  side  of  the  floodgate 
could  increase  only  slightly  more  than  it  does  now,  since 
there  is  only  a  small  reduction  in  outward  moving  flushing 
volume.  These  factors  are  not  expected  to  change  the 
northerly  progression  of  sediment  from  the  Revere  Beach-Point 
of  Pines  littoral  zone. 

When  the  floodgate  is  closed,  some  fine  particle 
deposition  should  take  place  within  the  estuary  as  the 
estuary's  tidal  movement  is  interrupted.  Runoff  from 
upstream  areas,  nonpoint  sources  and  the  Summer  Street  CSO 
will  contribute  solids  to  the  system  which  will  settle  out 
under  relatively  quiescent  conditions  which  should  last  under 
the  most  severe  conditions  for  up  to  6  to  7  hours.  Although 
tidal  motion  will  be  interrupted  during  this  period,  strong 
storm  winds  and  resulting  waves  should  promote  some 
continuing  resuspension  of  solids.  After  several  days,  there 
should  be  no  change  in  sedimentation  since  the  material  that 
would  have  been  entrained  under  existing  conditions  will  be 
reentrained  during  the  following  tidal  cycles  and  carried 
downstream  to  the  ocean  through  natural  flushing. 

One  condition  which  will  result  from  the  installation 
and  operation  of  the  floodgate  is  that  large  storm  tides  will 
no  longer  be  allowed  to  periodically  flush  sediment  from 
within  the  estuary.  It  is  hard  to  quantify  this  impact;  how¬ 
ever,  over  the  long  terra  it  could  make  the  cleanup  of  point 
and  nonpoint  sources  all  that  much  more  important.  Polluted 
sediments  which  were  once  moved  and  possibly  even  carried  out 
to  sea  by  storm  events  will  now  remain  in  the  estuary  since 
storm  tides  having  elevations  greater  than  8  feet  NGVD  will 
be  eliminated  from  the  estuary  through  operation  of  the  tidal 
floodgate.  These  events  although  occurring  quite  infre¬ 
quently  (less  than  a  10  to  20  percent  chance  of  occurrence 
for  each  year)  may  have  played  a  significant  role  in  distri¬ 
buting  polluted  sediments  out  into  Broad  Sound.  It  should  be 
noted  that  distributing  pollutants,  even  under  existing  con¬ 
ditions,  is  not  an  ideal  situation.  More  emphasis  should  be 
placed  on  removal  of  pollutants  through  reduction  at  their 
source. 
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(8)  Turbidity  and  Color.  Over  the  long  term, 
neither  turbidity  or  color  levels,  which  are  generally  low, 
are  expected  to  change  as  a  result  of  the  installation  of  the 
floodgate.  The  minor  change  in  flushing  volume  will  actu¬ 
ally  reduce  velocities  (except  in  the  area  adjacent  to  the 
floodgate  structure)  thereby  decreasing  turbidity.  Color  is 
related  to  upstream  freshwater  flow,  benthic  releases,  and 
discharges  from  the  CSO  and  other  nonpoint  sources,  so  the 
minor  decrease  in  flushing  may  increase  color  but  only 
slightly  above  the  average  10  SU  estuary  value. 

Short  term  releases  of  turbidity  may  result  from  con¬ 
struction  of  the  floodgate  but  the  latest  silt  reduction 
techniques  will  be  employed  to  minimize  the  impacts. 

Short  term  releases  of  turbidity  would  also  be 
associated  with  the  LPP  option,  as  dikes  would  be  constructed 
along  the  river.  Again  if  this  option  is  selected,  silt 
reduction  procedures  will  be  implemented. 

If  control  of  silt  and  organic  releases  from  the 
Summer  Street  CSO  or  from  other  nonpoint  sources  is  imple¬ 
mented,  high  color  and  turbidity  levels  will  be  reduced 
during  large  runoff  events. 

(9)  Metals .  Any  change  in  metals  released  into  the 
water  column  of  the  estuary  as  a  result  of  the  project  will 
be  insignificant.  The  flushing  volume  change  is  minor,  and 
even  though  there  is  a  reduction  in  flow,  the  areas  that  are 
wetted  under  normal  astronomic  tides  for  existing  conditions, 
will  remain  so  under  proposed  conditions,  since  the  tide 
level  changes  are  so  small  (less  than  0.05  foot).  Metals 
released  from  sediment  through  benthic  action  will  still  be 
released  and  flushed  as  before.  Since  there  will  be  minimal 
changes  in  DO  in  the  water  column,  anaerobic  action  within 
the  sediments  should  not  increase  over  what  there  is  now. 

Velocities  will  not  increase  near  the  landfill  due  to 
the  floodgate  since  the  locally  higher  velocities  which  occur 
near  the  floodgate  restriction  during  the  open  gated  condi¬ 
tion  will  not  carry  beyond  the  Boston  &  Maine  railroad  bridge 
(the  downstream  boundary  of  the  landfill).  Velocities  may 
actually  be  reduced  due  to  the  slight  decrease  in  flushing  so 
that  marsh  muds  which  have  retained  metals  near  the  landfills 
edge  will  not  be  disturbed.  Modeling  to  be  done  in  the  PE&D 
phase  will  verify  the  significance  of  any  change  in  veloci¬ 
ties  near  the  landfill. 
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Future  cleanup  actions  aimed  at  improving  the  capping 
of  the  landfill  and  reducing  CSO  discharges  will  reduce  the 
release  of  metals  under  both  existing  and  proposed  condi¬ 
tions.  Increased  use  of  controls  over  nonpoint  sources 
(increased  street  cleaning,  etc.)  will  reduce  metal  levels 
still  further. 

In  the  infrequent  instances  when  closure  of  the 
floodgate  is  necessitated,  high  runoff  conditions  may  cause 
releases  to  be  made  from  both  point  and  nonpoint  sources. 
Solids  that  settle  out  during  slack-water  conditions  will  be 
reentrained  during  the  next  tidal  cycle  when  the  gates  are 
opened.  The  dispersion  pattern  of  sediment  containing  metals 
will  be  altered  during  gate  closure  but  should  return  to  the 
same  pattern  within  several  tidal  cycles.  The  elimination  of 
damaging  tidal  flooding  events  (greater  than  8  feet  NGVD) 
will  reduce  the  amount  of  leachates  that  are  released  from 
the  Saugus  landfill  during  those  events. 

Increased  development  in  the  watershed  may  increase 
organic  and  inorganic  loadings  including  metals  as  materials 
which  once  found  their  way  at  a  slow  rate  through  natural 
drainage  paths,  are  delivered  more  rapidly  due  to  man's 
construction  of  streets  and  driveways  and  installation  of 
storm  drains.  It  is  expected  that  this  development  would 
take  place  whether  or  not  the  floodgate  is  installed. 

Sea  level  rise  and  construction  of  the  Saugus  River 
navigation  project  will  increase  the  flushing  action  beyond 
that  which  exists  now  even  if  the  floodgate  is  in  place. 
Improved  flushing  will  increase  DO  and  reduce  metal  releases 
which  result  from  anaerobic  action. 

(10)  £H.  The  change  in  flushing  action  associated 

with  the  floodgate  should  have  negligible  impacts  on  the 
generally  good  pH  levels  within  the  estuary,  since  the  highly 
buffered  saltwater  will  continue  to  inundate  the  same  areas 
as  it  does  now  and  almost  to  the  height  it  does  now.  Low  pH 
conditions  will  continue  to  affect  the  upper  estuary  during 
times  of  low  tide,  since  any  organic  acids  emanating  from  up¬ 
stream  wetland  areas  or  the  acid  rain  conditions  show  no 
signs  of  decreasing.  With  the  floodgate  closed,  parts  of  the 
tidal  area  above  8  feet  NGVD  will  no  longer  be  periodically 
inundated  during  storm  events.  This  will  be  so  infrequent 
that  the  reduction  in  the  buffering  action  of  saltwater  on 
these  areas  will  have  negligible  impacts  on  the  overall  pH 
levels  within  the  estuary. 


(11)  Oils  and  Grease.  The  minor  change  in  flushing 
action  associated  with  the  floodgate  should  have  no  impact  on 
the  oil  and  grease  levels  in  the  estuary  .  Most  oil  and 
grease  releases  come  from  the  marina  activity  within  the  har¬ 
bor,  while  other  intermittent  discharges  occur  as  a  result  of 
heavy  urban  runoff  from  city  streets,  and  from  accidental 
discharge  due  to  industrial  accidents  (GE  has  reported  sev¬ 
eral  spills) .  In  any  event,  most  releases  are  made  in  the 
lower  part  of  the  estuary  (below  route  107)  where  a  small 
change  in  flushing  action  (0.1  percent  for  gate  scheme  N4) 
for  the  huge  tidal  interchange  should  have  no  impact. 
Increased  boating  activity  associated  with  the  Saugus  River 
navigation  project  may  increase  oil  and  grease  levels,  but 
this  increase  will  occur  whether  or  not  the  floodgate  plan  is 
implemented.  There  may  also  be  increased  oil  and  grease 
levels  if  the  harbor  is  used  as  a  refuge  for  vessels  during 
coastal  storms.  This  condition  would  be  so  infrequent,  the 
impact  will  be  negligible.  Also,  the  harbor  will  be  flushed 
within  a  few  tide  cycles  after  gate  closure. 

(12)  Temperature .  The  large  permitted  thermal  re¬ 
leases  by  General  Electric  and  RESCO  make  this  an  important 
parameter  when  considering  impacts  of  the  floodgate.  With 
the  gates  open,  the  thermal  discharge  should  have  negligible 
impacts  since  any  releases  that  are  made  occur  in  the  lower 
area  of  the  estuary  where  small  changes  (0.1  percent  for  gate 
scheme  N4)  in  flushing  will  not  be  significant  when 
considering  the  total  volume  of  that  part  of  the  estuary. 

Thermal  releases  have  the  most  impact  at  times  when 
there  is  minimal  tidal  exchange  (neap  tides).  As  determined 
from  the  modeling  study,  the  smaller  the  ocean  tide  range  and 
resulting  tidal  interchange  volume,  the  less  impact  the 
floodgate  has  in  reducing  tidal  fluctuation  in  the  estuary. 
This  is  indicated  by  the  flushing  volume  comparison  for  mean, 
spring  and  maximum  astronomic  tide  ranges  which  show  flushing 
volume  changes  from  existing  to  proposed  conditions  ranging 
from  no  change  at  mean  tide  range  to  0.1  percent  difference 
at  extreme  high  tide  range.  At  minimal  neap  tide  range 
fluctuation,  the  most  critical  time  when  the  volume  of  heated 
effluent  water  makes  up  the  greatest  percentage  of  the  total 
volume  within  the  estuary,  there  will  be  no  change  in 
flushing  volume. 

For  purposes  of  this  study,  it  is  conservatively 
assumed  that  there  is  a  0.1  percent  difference  in  tidal 
flushing  when  there  is  a  minimum  astronomic  tide  range 
condition  (approximately  5  feet  of  tide  level  fluctuation). 
Under  an  ebb  tide  condition,  this  amounts  to  a  3  mgd  reduc¬ 
tion  in  a  3,000  mgd  flow  rate  at  the  General  Edwards  bridge 
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with  an  extreme  neap  tide  range.  This  change  is  minor 
considering  the  fact  that  the  maximum  volume  of  heated  water 
that  would  generally  be  discharged  would  be  100  mgd  (40  mgd 
from  General  Electric  and  60  mgd  from  RESCO) .  Assuming  the 
effluent  is  20°  Fahrenheit  above  ambient  estuarine  water  (as 
allotted  under  the  existing  permits)  and  assuming  complete 
mix  conditions  which  would  exist  near  the  confluence  of  the 
two  rivers  under  ebb  tide  conditions,  the  increase  in 
temperature  of  future  over  existing  conditions  would  be  less 
than  0.001°  Fahrenheit. 

During  a  floodtide  condition  for  the  same  tide  range, 
there  will  not  be  as  large  a  volume  of  water  moving  up  the 
Saugus  River  as  there  will  be  moving  in  the  downstream 
direction  during  ebb  where  the  Saugus  and  Pines  Rivers  join. 
The  flow  rate  moving  up  the  Saugus  River  is  estimated  at  550 
mgd.  With  a  0.1  percent  change  in  flow  rate  brought  on  by 
the  installation  of  the  floodgate,  the  change  in  temperature 
is  less  than  0.01°  Fahrenheit. 

The  most  critical  condition  to  affect  temperature 
would  occur  when  the  floodgate  is  closed.  However,  there  are 
a  number  of  factors  which  may  reduce  the  magnitude  of  the 
impacts.  The  heated  plume  will  not  spread  out  as  quickly 
during  floodgate  closure  as  when  there  is  a  tidally  influ¬ 
enced  current.  However,  this  impact  will  be  minor  since 
floodgate  closure  only  takes  place  for  a  short  period  of  time 
(less  than  3  to  4  hours).  This  time  period  is  not  all  that 
much  longer  than  the  normal  2-hour  slack-water  period  that 
happens  at  every  high  tide.  After  closure,  floodgate  opening 
will  occur  when  tide  levels  are  ebbing,  resulting  in  the 
release  of  estuarine  water  toward  the  ocean  area  which  has 
the  greatest  volume  of  water  and  most  turbulence.  in 
general,  gate  closure  will  take  place  when  the  estuary  water 
level  is  close  to  7  feet  NGVD.  The  volume  associated  with 
this  level  in  the  area  of  the  confluence  of  the  Saugus  and 
Pines  Rivers  alone  (from  Route  107  on  the  Saugus  to  the  B&M 
railroad  bridge  on  the  Pines)  is  estimated  at  3,200  acre-feet 
while  thermal  releases  of  100  mgd  for  4  hours  are  estimated 
at  50  acre-feet.  If  a  major  storm  is  expected  with  heavy 
runoff  and  extremely  high  tides,  the  floodgate  will  be  closed 
sooner,  in  the  2  to  5  feet  NGVD  range  for  a  period  estimated 
at  about  7  hours.  The  volume  associated  with  this  elevation 
in  the  area  of  the  confluence  of  the  two  rivers  is  about 
1,800  acre-feet,  while  the  release  volume  from  General 
Electric  and  RESCO  would  amount  to  about  90  acre-feet  for  the 
7-hour  closure  time.  Although  the  heated  water  release  makes 
up  a  larger  portion  of  the  total  value,  there  are  additional 
factors  to  reduce  the  impacts,  namely,  there  may  be  large 
amounts  of  runoff  occurring  during  closure  resulting  in  a 
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rapid  rise  in  volume,  there  will  generally  be  high  winds 
which  will  cause  the  plumes  to  mix  quickly  with  the  estuarine 
waters  and  closures  will  generally  take  place  in  late  fall, 
winter  and  early  spring  when  ambient  water  temperatures  are 
cooler.  The  most  important  factor  to  consider,  however,  is 
the  infrequent  occurrence  of  this  condition. 

d.  Impacts  of  Rising  Sea  Level  on  Water  Quality.  Any 
future  rise  in  sea  level  as  discussed  in  the  Hydrology  and 
Hydraulics  Appendix  will  result  in  an  increased  frequency  of 
wetland  flooding  and  increased  length  of  time  during  which 
the  mudflats  within  the  estuary  will  be  underwater.  This  is 
true  for  the  natural  geometry  and  for  the  open  floodgate 
condition.  Increased  shoreline  erosion  resulting  in 
increased  turbidity  will  take  place  until  the  estuary  adjusts 
to  the  new  tide  level.  Also,  because  there  is  substantially 
more  volume  available  for  storage  at  higher  elevations,  there 
will  be  an  overall  increase  in  flushing  volume.  The 
increased  flushing  volume  will  result  in  increased  channel 
velocities  and  increased  suspended  solids  loadings  until  the 
channel  geometry  has  adjusted  relative  to  the  change  in 
velocities.  (See  table  40  of  Hydrology  and  Hydraulics 
Appendix) .  If  the  floodgate  is  closed  for  high  non-storm 
spring  tides,  flushing  during  these  events  would  be  somewhat 
reduced.  However,  overall  mean  tidal  flushing  would  still 
increase.  All  the  beneficial  aspects  of  increased  flushing 
on  water  quality  would  occur  during  the  open  gate  period 
with  rising  sea  level  including  increased  oxygen  capacity  of 
the  tidal  prism,  increased  nutrient  exchange,  and  increased 
dilution  of  pollutants.  Rising  sea  level  would  quickly 
replace  any  loss  in  flushing  capability  brought  about  by 
construction  of  the  Regional  Floodgate  Plan.  The  historical 
sea  level  increase  for  the  project  area  has  been  estimated  at 
nearly  1  foot  of  rise  in  100  years.  Others  have  indicated 
that  up  to  about  4  feet  is  possible  in  the  next  100  years. 
More  detailed  information  is  given  in  the  Hydrology  and 
Hydraulics  Appendix. 

A  water  quality  concern  relates  to  the  potential 
increasing  duration  and  number  of  gate  closures  with  rising 
sea  level  (table  41  of  Hydrology  and  Hydraulics  Appendix). 
Under  today's  conditions,  the  gates  would  be  closed  about 
0.02-0.07  percent  of  the  time  resulting  in  immeasurable  water 
quality  changes.  With  sea  level  rise  of  1,2,3  or  4  feet,  the 
percent  of  time  of  gate  closure  could  be  0.8-1. 5,  6-10, 

18-26,  or  33-41,  respectively.  Resulting  water  quality 
conditions  in  the  estuary  would  be  the  function  of  future 
inflowing  water  quality  which  is  unknown  but  should  generally 
improve  with  continued  enforcement  of  clean  water  laws. 

Also,  as  previously  stated,  overall  tidal  flushing  under  the 
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open  gated  condition  would  continue  to  increase.  During  gate 
closures  of  increasing  duration  and  frequency,  some  reduction 
in  dispersion  and  mixing  of  pollutants  and  thermal  discharges 
would  be  expected.  As  well,  some  salinity  and  D.O.  reduction 
may  occur.  However,  the  greater  mean  tidal  flushing  when  the 
gates  are  open  would  rapidly  cause  mixing,  dispersion  and 
removal  of  pollutants.  Some  easily  settled  pollutants  may  be 
somewhat  retained.  It  is  felt  that  water  quality  changes 
resulting  with  a  foot  of  sea  level  rise  will  be  hard  to 
notice.  Changes  with  2  or  more  feet  of  rise  would  become 
increasingly  more  apparent.  This  would  be  especially  true  if 
frequent  prolonged  gate  closures  necessitated  the 
installation  of  locks  and  pumps  to  accommodate  navigation 
passage.  In  this  case,  a  freshwater  body  similar  to  the 
Mystic  or  Charles  River  basins  could  be  created,  signifi¬ 
cantly  altering  water  quality  conditions.  Salinity  would 
dramatically  change,  however,  the  change  in  other  parameters 
would  be  a  function  of  pollutional  loads  at  that  time,  which 
are  unknown.  Future  detailed  studies  of  all  options  would  be 
required  before  any  decision  is  made  regarding  future 
installation  of  locks  and  pumping.  Other  options  could 
include  low  dikes  to  raise  the  start  of  flood  damage  thereby 
requiring  gate  closure  a  few  times  a  year  during  coastal 
storms  as  would  presently  occur.  Water  quality  with  the  low 
dike  option  would  not  be  expected  to  change  significantly 
from  today's  conditions. 

e.  Water  Quality  During  Construction.  The  proposed 
construction  sequence,  as  described  in  the  design  and  cost 
appendix,  indicates  that  at  least  5,200  SF  of  flow  area  will 
be  maintained  below  mid-tide  level  at  all  times.  Similar  to 
the  N3  scheme  previously  discussed,  this  should  have 
negligible  effect  on  basin  tide  levels  and  flushing.  No 
observable  changes  in  water  quality  would  be  expected  with 
the  exception  of  some  turbidity  increase  at  the  construction 
site.  Construction  procedures  will  be  conducted  in  a  manner 
to  minimize  any  temporary  increase  in  turbidity  and  to  limit 
the  introduction  of  oil  and  grease  from  construction 
materials  and  equipment. 
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